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Abstract 



PROBLEM TO BE SOLVED: To form a semiconductor element having good ohmic electrode on a p type ZnO single crystal layer 
SOLUTION: The semiconductor element comprises a p type ZnO single crystal layer 107, a first metal layer 108a contacted with the layer 
107 and containing at least one type selected from the group consisting of Ni, Rh. Pt. Pd and their alloys, and a second metal layer 108b 
fomied on the layer 108a and containing a metal different from that of the layer 108a or their alloys. 
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im^m 1 ] P ^ z n omm^^Bm t , 

tlif2paZn0^miSB^aatCgfi4L. NI, Rh. P 
i;fclS5r^rtflgl:&RSi:. 

[ft 2 ] p sz n omm^ikm t . 

Htfffis 1 ^mm<^±izm&^it. •ft^BH®** 5 . o e v 

jff^'fcO, filS^l^SJlSr^gfiS-rS^RfciiS^S 
1 ax{±c:af>i7)^]g^ •iftf-^*»^>^*m2^ 

milt. 

immm 3 1 i^ieaffi^iSJKi^ Misi^ 2 j: o 

^L<(iA 1 XiiA 1 ^-tftf^?r#triS«3a2 

[a*^6] BfrieSll^iS<4, »$*^'5 0nmJ.:lT 

[iS^«7 ] B?em 1 ^JBii**N i T'ft 0 . m£l^2 
^SWA^'A u T*> Sfl:*^ 1 6 iT<?)v^-^^L*>t:ie 

[fi^^S] Rlr^l^eJSi: lutein 2i&S€2::&^ 

im$m9] i!riepSznom#*SfB{4, znoat 

^ < t i mraz n T e BtC{4 N A* F- b- V >S 

4> 8 i T-co . 
im^m 1 1 3 HuiSpS'F^iBJJiNTS) 0 . Hoienm 
TmiKjttG af* Sfi^JB 1 0 iS»<^##3g^^. 

1 2 1 ^nA^^ajS^VfcpSZ nOm#^^B 

tir£pSZnO^#iSB%®cO«B±tC, Ni. Rh, P 
t. PdtJj:i/fc:fL^><0^£^p3&>^>SS?$tiJti!'^=5:< 



[it*« 1 3 3 aB**JiJt5$iXfc pfflZ n O^mifea 
mitpm.zn0^m^^<r)mm±.kz. ^mmifi5. 

0 e vififiKo^jg^-^tfSg 1 ^B,m%:mm-^JMh. . 

miiem 1 ±WMcr>±Mz . ttVM^*^ 5 . 0 e v^glfTJ) 
9 , •tfcVWia**fliIieiS l^JgJlottVKlgcJ: 0 tffiv^^ 

1 4 3 HuieU 1 ai/^Sg 2^JgJl$:Jg^-r 

mmxz^ mm^^onn^istsm^i 2x«i 3 

i.zim<r>^mwm^<r)^-yim. 

[it*«l53 W&b. 
imi^±.\zm^^tltzZ n O^^'N' / yrmt. 

HuEZ n O^^N'-y 7 r ililcjg^^ix^m 1 m^Xli 
m 2 Z n O^mjgfaii Sr-t-tJil 1 ^«:S b . 

MiEis 1 ^«MX{4ii 2^^z n ojkm^^Bm±izm 

m^it. MIEm 1 3SE^X(±lg 2 #^Z n O^^^H 

mti^ 1 *3I{*:J1X{4 ial£lg 2 ¥^f*cMO d *> P M^T)* 
SS«Elit:»MU. Ni. Rh. Pt. PdtiXX/ZtL^ 

mmt. mtmi±mm<y)i.tzm&$tL. msmi^m 
[ft^ie] mit. 

2m9mz n om^m^mco\,^-mi)-^'^tjf^ i ^ 

frie^i »ii^«i^23i^z n o?kmmikm±i,zm 
m^ti. mim 1 snaxiiis 2 ®^z n o^ms^a 

if i:3fO«m^^l.^2^^«£^i: 

mtmizmmv. ammm'^s. oevis^<^^K5r-& 

tf^l^SBi:. 

mtm 1 ^aJl<^)±tc?gjftSix. -fctVMii*^' 5 . 0 e V 

Mies 2 i^#s®<^±t:?g^$a. •ft¥Bigt**inam 1 

Ci«*«17] 

meMi^±l>zm^^tltzZ n O^-^n' y 7 tS i: , 
fnez n O ^/-C y 7 r JfifcJgBg $^t3t n Sf Z n Oi^ 




1 1 1 SS-^tJ^ 1 i: . MieiS 1 ^mJl<^±t::J^ 

[it*«i8] aasfc, 

B5f£Z n O^-'N' v 7 r JlitC^gfiJiSirT'c nSZ n 

luH n sz n om!^^m±izm^^titi p sz n oik 
frEnsz n omms^amiz^m-^m i . 

b, 

I rn^rn 2 0] $ ^ t , BoE««C<?5KMffl!ltc{i , MB 

[00 0 1] 
[0002] 

^A- -y i.¥3!if4s-C-fc2.:ti6 ( E g = 3 . 4 e 
V ) . /nV y r tCjJJtB Lit?Bte8fe«ti: 3 6 0 n m 
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/i> 4 0 0 n mtO^J'hat t S . 
[0003] 

S^*(n-ZnO) *|^-rS^i:tiit«»W«T 
fc-SA^ pM^f^c (p-ZnO) SrS^-rSClfctiji 

[0004] fie-oTs ZnOSrffiV^Tp-n^S:?^^ 

[00 0 5]fiafi, ZnOttitCpM^i^!felTS)-l.g* 
(N) i:nS:T:S6!|?lT'fcl);<f'J'>A (Ga) ^ri^V-V 

(co-dope) -t^^m^my.^hzbizxK). pM 

ZnOigfl*>-f#i^itfe&<^^*>-=Sr$ixTV»^,, X*)^ 

wmztt, ^v\^x\^—^-T^i^i^3ymizxr). zn 

O^itCpSJp^iHs-C'&^S^ ( N ) ^ nMPf^miTh^ 
(Ga) S-^H-r (co-dope) Lo 
pSZnOmi^a$-Ji&S-t-&:fr&**fflV>i5>tl.TV^ 

[0006] bZ^X\ nSZnOMB%lC*t^^^-S 

*^ i 0 . p M Z n O^atjiS Lfc^ 

[0007] *%BH{±, pSZ n O^RSftfc5it3t^- 

mm-^zb^s^b-ti>. 

[0008] 

[^«l^)ili?i-r.5.Jti^o^Sl *^BB^-IS^J=<ttt 

tt\ pmZnOI^mm^mb. MeP^ZnO^^fe^a 
«tcSft6L. Ni. Rh. Pt. PdiJil/dfli^cO-g- 

i: , miBig 1 ^mmcr>±i,zm^^ti, mtim i ifeisii t 

[0009] :^m^(o^<^m^izxtni. mmt^nta^ 
tifzpmz no^M$.m^Bm^m^-ttj:mb . huispM 

Zn0^m^Sii<7)«ffi±tC. Ni. Rh, Pt. Pd 
tsJ:lfC<t^><7)^^<0S*>/biSS?StU:ii'^^< fc t IS 

sr^tf® 1 fc . H?iem i ^sso 

±fc. mmi±mmbim^^^. xii^tLt^<^'^ 
^^■kttm 2 ^mm b mm-^JMb ^^ts^wm^?" 

[0010] *§%HgeDfl!j<OSAtc iixtf . fiSt . B?ffi 
aiS±(cJB«$il.3tZn05S>'<-y7TSi:, 1?fEZnO 

-y 7 r Jiitcj^Bg^a^c^ 1 mnsixitm 2 mvm 
znom$^m^m(^^^^t>t:'tts^i^i^mb, m 
lE^ 1 mm.mxi,m2mvMz n o*#^^a±t?^« 

^iX, mm 1 ^^X<±m2®^Z n O^^^bM 

bm<mmm.tr^-i•?>f^2^^i^mb^i!:;^. mmi 
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mi&l'. Ni, Rh, Pt, Pdt5Xl/^Ltl^<^^(0 

H!fSiiiifeSJi«o±{c:msfL. m^i^mmtum 

[00 11] 

Tii:^ <,flRli.tf, ZnOfcZnTei: COStS^^itO 

[0 0 1 2] ifvl, 3|s:Ba$a#4'tC*JV^T^g$fLS r(£ 
iS^^ZnOCOBSSaaSj tti. Mx(f2 0 0'C*>*>6 

0 O-C^iO. — ^WlCZ n om^^B^m^-t^ffzibcO 

sa^«iofa« J: 0 1 1 0 0 'c**^^ 4 0 o-c^ffiv>ia 

-ffi6trtcZnOmiea2:*:S"r-l.^t-Mt7t:fig«za 
]K-C$> 0 , ISin r<gjg^:Rz n 0(7)^:RiajSj J: 0 1> 
8 0 0-CJ:'?tiSv^:ajrf*>*3. fi?8;ttf6 

so-ccfes. 

[0013] ^mmt. t-r. pMz n o^ws^sffl 
[ 0 0 1 4 ] ^js (mm) b^miiab irm-^^-^tzm 

[0 0 15] pm^^t^mht:^^^^z^l.z. 

(p) -c*$n?.. 

[0 0 16] kCl^T. pMZnO¥^(*^^acOtt*ra 
iSc</>s (p){±, 6. 2 5eV^ (Ktt^fl£&{K^ 
■t^t) i:pt^V^. i^. pM^*«it«I<OK-rS^l 0»8 

-S.fie-^T, pSZnO^K*^B^Hffl'7);t-5 y:?mffi« 

[0017] pSZ n O^#ife^0:t- S -y J^mffiW 
«tLt:*fWt:«, Ni («im=5. 15), Ge 

(<^m=5. 0) . Se (<^.m=5. 9) , Rh (^m 
= 4. 98). Te (4>m=A. 95), Re(fl!.m= 

4. 96) . I r (<^m=5. 27) . Pt (.^m = 

5. 6 5) . Au (<^m=5. 1) ^ C (*in=5. 
0).Pd(^m=5.12) ^j:iL<DMmi. ^^^L 

[00 18] jSS, *^Sfe:tJ»,^T, rttWBSDi^S. 



4. 5*»*>6. OiTfOfiffflrtrfcO. »iL<t±. tt 
»Blg&&«4. 9iS-t>5. 2*fOjffifflrtt-*l.::fcS-E 

[0019] ^^#lcJ:-&SmW#^tX^S5SS*t-J: 
tiki. m^ZH i ( IJSB : pffiZ nO^afcifflSSaMrr 
S^g) /Au ( 2Ji@ : lJig<^S±tC*fta§ixS 

^n) tf9aji«jt*>ifiLv%, 

[ 0 0 2 0 ] T i /AucoWJUf Jtt3?a«MS:4f o/cli 
iitOffilC, Rh/Au, Pt/Rh, Pd/Au, Pt 
/Au. Ni/Rh. Ni/Pt. Ni/Pd. Ni/ 

Ir, Ir/Au. I r/Rh, I r/P dCOaJIffijg 

[002 1] JiLhc^^tcS-cf S . pMZ n 0^*ISe^a 

^'th^mwm=F\>z-^\^x\:xy\.zm^^h , 

[0022] :^^BM(om 1 iOHMOJg^t J: 

[ 0 0 2 3 ] EI 1 (c. ^^tm^^mm-h zno^m 
^Bmmi:m.^^^tiiib<r>mM^m.cr>-mtLx. ^i^'a 

;l/y-X^J-^:iit:J'^i^- (RS-MBE) }£2rfflV^ 
^ciSa«:KilS (OT trs-MBE^Sj ) 

[0 0 24] RS-MBEilSA{±. m^^ti^^iotl 
XM- 1 . w< 1 $-^S5KS«®(:«-:>«^ 

d^vrPfcSr-^tf. 

[ 0 0 2 5 ] 1 (i, Z n ^^§IS^i:■S.:t^6^0Z 

h 2 1 k , O 7 i>A)V^^3^h fzibcr>0 7 
b 3 1 k . N 5 >'';>&;l'S:tSS*-r5 fci6(59N 7 
h4 1i:Sr-^t?, 

[00 2 6] Znffl-i^-M Hi. Zn (MK7N) M 

-fe/KKnudsen c e 1 1 : J.:lTK-fe/PtIlf 
^. ) 1 7ti'^-y:J'-Sif;t:ii;tTV>S. 

[0027] Gaffl*f-h21(±. GaKW25trJR^ 
-ri.ti:tt^JPM. ^^§if-|>K-feyU2 7i:>'r-/:?S 
it^mx.^Oy =J:^)l-7tf- b 3 1 ti. *l««iScfl«l*I 
trS^;<?^T'ftSgJS;<f^S:#AU, l^mm (13.5 
6MHz) S:fflV^T4.^Lf>:07>'':^;W$-. MBE^-v 
WN' 1 [*itiSfcli-r S . O 5 >'';*;K^t'-X.C^^ tT Jl- U 
7 X 3 3 i"^ -y S3 fc *5SftA>flT v-^S . 

[0028] N 7 N 4 1 (i, SsSmScmi^F^ 
tcil^;*'XT3>l)Mm;<f;?.S:^AL. Si§jS (13.5 
6MHz) $-fflV^T±^U7tN7i^';*/l'S^MBE-f->r>' 
^'^ 1 l*ltci©a}-r-2) . N7v;^;V'<0b'-At*tLTj^-v>y 

[0029] ^i^'^/P^f-V 3 1.41 comitii. irm 

/wfimptlx ui,tmx'h?>. 
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[ 0 0 3 0 1 1 rttc{±. SSa^fi^ftsoTtfti: =5rS 

-9-7r-f^««iS4r«j#1-S««*;W^-3fc, 
;U^-3S:Sn?a-ri>3t*:>«Ot— 3 a4;*s^ft^>ixTV% 

[ 0 0 3 1 ] -9-7 T'f ^»|gSi?>iajgti:b-^'-l:^S 

[0 0 3 21 ^A'y>''<i{i> ^■S:Lrzm^Bmi:^-i^o 
y^-thi::Mzm-f(>tirzKmn.^mtms (rhe 

ED^S) 1 fcRHEED^aOX^'U-yS 

5f:S-^ti. RHEED^g<0jyy5 1 tRHEEDfl 

Si^JJ^r^'U-VS 5i:$rffl<<'»T. MB EiSSAp^r«0^ 

[0033] iSftfig«<7)ag. ifes^ftiaojps . f-^ 

[00341 WTt=:. ^f7r>f^S«S±t::, ZnOS: 

[ 0 0 3 5 1 ^B^BE^^tiRS-MBEffiKJ: 0 i^ir 
-Sii>>t,SttTi:m'Smm-t^:itizJ:*)no . 
[00 3 6] ^i^:^)VV-:^^^^-^^-J5WitLX 
RFSrfflV^i'::RF-MBES3&*'fflV>^>n-l>. 13. 

5 6MHz coism^i:m\-^x . m'^Mmm*^^izm.n:ff 

'JillV\L~M. i; K-fe/k!&»4)C0Z n b*— A fc Srif^ r 

[ 0 0 3 7 1 122 ti, ^s^^cnmmiizii h^wm=f-<^ 
mm^^-tmmmx'h^. 

[00381 tiTlc , H 2 tc*? 2r 
■thtzib<ni.mz-r>\^xmR't^ . 

[00391 1 ) maVm • (0001) ® $r*-rS 
^yr-i^mSLSmm^, 1 1 O'CtCjD^iL/iHaP 
O4 : H2S04 = 1 : 3iOS^'t'T'6 OtJJ-'^x / hx-y 

[00401 ±iB^O^ffi^!!«Sr^f -?3t^. -if^T-f -vs 
fl^SS:a«i;^;U:J^-3 (01 ) tC^«L^. 
[0 04 1 1 SMSjg6 0 0*C, gSgcoSEfi* 2 s c c 

m. RF/N-'^-?: 1 5 0WO*f^TT. MBEHS'+'tC 
*3V^Tl^raigmr7X-7tci:-SS®5!ia$rffo^v:. M 
B Emm.n\<Zii\^X^y r A -VftRSiO^ffi^rJIM-rS 

[00421 2 ) ®?S^;RZ n OJ^ y 7 r : ± 

iZ'^wMrnvsiwrn.. ^-r^^-/ 7 r ji i o i i^^-t 
s . m.'^tommik z n osffito^s^ tmKi:*) ffiia*» 

-PZ n U -y f-O^^frTT«0««$-^T 3 ( S^^Z n O 



Jl) . ZniOb'—J^^Sfi. 4. OX 1 O-'To r rr*> 

[0 04 3] mm^'-M,(r>m^MtLXO<DRFy'yX 
■7y-A$rfflV>-S,. 07i^'*yl^^-b2 lllJsElS^ (fefi 
K6N> /fXf:mXL. ^mW.^WSi^m^^X'7i^AJU 

[0044] /fxv-xvh^mm(om.M.ii. ^-v 

rtOlg!l<0^i-ffi:U-Caft2. 0sccmtCfcV^T5x 
10-5Torr. RF^N-y-fiS 0 OWT$>l.. fiS^iS 

je(±5 0 0*CTlT-57t. i^. 2 0 0*C*»^6 0 

0•C^oraT•^T^<?5*^^fi UV->. 

[0 04 51 ZnOA>y7rJ9l 0 l<Oli:;^k{i, lOn 
mk Lfz. W-^li. 1 0*>^> 10 0 nm<?)SfflA«» 
*U^. . 

[ 6 0 4 6 1 ciT, isicomfjurma. 

[ 0 0 4 7 1 3 ) Tffl-fkS&a : ffiia«ftZnO^^>y7 

rJll 0 1 $:^:RU!^c:f^. Z nOy-N'-y^rS 1 0 1 tfO^ 

cfc'p'SriSia. 6 0 O-actJV'.-C 1 0^ 
[0048] iS\^^-S:iSJ^X'^^i^X.fzi&1§i^^Z n 

o/N->y7TJii 0 u±&#?:*-rs**sa-c. 

v*>'|Bl t ^:firtt^^^-r J; 3 icxb- -^-/l-jSi^R LT v ^ 

tHdi*^'!S^$n^ o ffiiS^ftZ n O^N'v 7 r ^ 1 0 1 

±sicr)mm.im-tCibX\ ^:/U-f y<DSm&i}^Wm 

m« LT i^i^-f >'^^ xi!)<imit Lxms^=^mt-ri> 

[0049] #(CZ n V yf-iO^ftT^^SlJTti^fc: 

fi. •y^cOflfefl^T^:g$-ti-3tJl^t::Jt^TS*0<30 

B*s#f,ix^v\ ffiii3::^S*®S:^r-rs<Kia^*z 

nO>'N'>y7rJl<^±lC;WiST-ZnOS$:fi!t:R-ri.i:. Bk 

[0 0 50] <&?SR&*ZnO>''C-y 7r«l 0 Iti, 
L;t4i ( a s - g r own ) 0*t®T(±jJ^^-f ^^-t^-i 
X*^/^$<S^WS^$i^"l.^ci^. (A t om i c F.o 
rceMicroscopy:AFM) f^t'ti^i^a 
cOidt-t^i-S. L*>L^*s^.. Xigitg*f-^RHEE 

[00 5 1 ] C:<7)3S^(i. GaN-^ZnOT-tfO^*CtJ 
\.'>Xmm^tlt. ffiia««ZnO>'N'-y7rJll 0 1?:^ 

?aisi5!aa-r •& ^ 1 1;: i o . s-5i^^tcga-r s nflfi^^'iiffi 

x4>ix4. ^a-C'^:V>ZnOSB±fcm^aZn02r« 
«LJ:3i:Lrt, glLh, -5-<^igB^Btt<±A<'5:^>=5r 
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[00521 4 ) r>'H-TZ nO*^ftS«7)^« : 
»:i^T'TmL^<SJaj«:ftZ n OJ-^ y 7 r Ji 1 0 1 ± 

a®) 103$-^ftL/i. )*${ilMtn-Ci>^. 

[0053] m,^4kf¥b LT s mm^ii. 6 0 ox;t' 

fcS. K-fe:/POia«J±3 2 0°CT'S>.|>. Cl£7)%^<^Zn 

<7^i%^ji. 1. 65^>'^^x^a-A/#•?:-^>?>. 

[0054] S!lgC0SE»Ji. 2 . 0 s c c mX'h^ . C: 
<0J^. g!*O^Eii5xlO-6TorrTfcS. RF 

[ 0 0 5 5 ] iSiS^ftZ nO»Sg^B@ 1 0 ScomS: 

fk^t Lxii. 6oox:*»^>8oo'c<oia<o?agT. i 

[0 0 5 6] i&^fS.^ZnO^<-yyrBl 0 1 SrStt. 

v^««iajKrisa^:^Ty H-rcoz n omssflii i o 

3&^«-tSC:fc{3j;'9, TVH-rcoZnO^aW 
[ 0 0 5 7 1 Z n OJSS+fc^< «!OigfBXP6*«g9tASiX 

^sryK-rz n o#»aJS 1 0 
oMm^vammx'h-otz p ao^«ttSr^-r z n o 

J:a'5:^B=B:XPll*5:*:ilSt::««$*i.Sfci^>. %3t$&*t>^^ 

[0058] 5) pSZn O#SSS«c0fi)t;Sr : iXIrZ. 
pSZ nO#^H^a 1 0 T^^SLA:. 
[00 59] pSZ n om^^m 107 C0^*^»i. 

±M^<r>ry v-rz n o*^^ 103 m*^i:t J 

[ 0 0 6 0 ] t . SiSH^HRg:S{± 5 5 0°CTlT^f.:. i^. 
B)4*?aJKi: LTJi , 5 0 0X:*>4> 7 0 0 °C<r>9mtl^nt. 

[006 11 H-M-yhtUT. fflStinSZnOIHiO 

Y-nyVX'htG&{,zmx.X. n^m^^fz. Gac7)K 
•fe/UiSjSti, 6 0 0'C'C'fcS. ZnOt^^(7)^m>\.Z^ 

fc. Nr9Xv^?fet§-<tl.^ON2^X<0^u»{±0. 
1 sc cm. RFyNV-3 0 pWrabS. l^iilAtm 

[0 0 6 21 figftL^rpSZnO^Al 0 7tcBgLT 

S^-t:: i:*>Tii2$iXJt. fflffi^ti 1 . 7 8 Q c m-CS> 
S. pm^WW^mt. 5. 4 7X1 0"cin-3-C* 
I.. 

[0063] i^^f&-^^n-^Sm^-t^ Zblzj:>0. X 

si<^pmzno^^ibmtm(>tihi>cohmw^tih. 



[0064] 6 ) ^r- s -y ^w&<n^^ •■ i^v^r. P 

SZ nOmte^aJi 1 0 7<0±fc:, Bfis^^J^^^SXSfc 

[0 0 6 5] t-r. pZnOmjga^l 0 7 A-Cfi£;RL 
if7T'f-va«SS-MBE^-r>'>'N'l (El) 

[00661 3g3tSSSF*It-t}V^T . pSZ n 0*^^ 
±{C, Iglifemai 0 8ai: LTN i ?r 7 0 A^OJf $T' 
<J:V^t\ m2^Rjll OSbi: L-CAuSr3 

5 0 0 Aj^fi&i-^ . Fir^ii^ittsmfcffiat^aacoN 

i/Au€ffil 0 8*«®«S<X5, 

[0067] ^«|ISrt*>i!.N i/Au^l 0 8*<^ 

•c. jii^ra{i2o#^rj)&. 

[ 0 0 6 8 ] ^riJ. ±fei0«fis«is|fc LT*Mco*r^4. 

[0 06 91 l»Jsaa^■^f ji^mi. 200-0 

*^^>6 0 0'CC0^HT^T3 Zhti^X'^^. 3 0 ox:*>/c» 

5oo-c<7)ffiiBA<»3i-cs>i.. ^ieiati. 

(N2) , r;l':^y (Ar) . ^:i:'<7)?F«14;<f;^<Ol?H 
[0 0701 f^. ZnOSr^fttf^siJ: tTV'il./ci^, 

fc>.^-c^a-mtf. znOiisa*»4>«os!ig<:oM^*>'i» 
[00711 mmk<!^ -5 i^tojffisi^rati , 1 fpt^ h 

[00721 031:. ±iB«0ISt3± OJ^^StTJtpffi 

ZnOSSB^Hill 0 7±tcJg^SiX/iN i/AuttSil 0 
8£Om^&5!»14SraS^Sl 0 9 (EI2) ^fflUTfFfffiL 

[007 3] -9-7r'f^SK<0-9--^X{±. lOmmXl 
2mm^-C*>-i)<, :i(^^y r ^ ^^.liZ , 5mmtr 
>y jS:fi-l6l2itt/«l^r|tiJ(cSyiJ L:rc^c7)N i / A u m 
gl 0 8 (02) ^mWuX^tz. 

[0 0 74 ] ^^ei<7)-9-'f X{±. <^>0. ImmT'J)!). 

[007 5] t.rz:i(r>i^\z^M^tvtz::3y-^ 9 v&Wn 

[0076] ±3eC<7)J; ^ (C. pMZ nOm^B^a 107 
<mtf. pSZ nO^gB^aJi 1 0 7<r>'y- VmKifi^ 
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^>t3<S<^l>. SniT. pMZnOm^aSl 07i:N 
i /A u US 1 0 8 i: ^' h 

1 0 0 7 7 J ±Mi<^:^^mcom 1 CO|IS6<OJg®t- J: 

i^mk(r>^mzx -o T , N i /A u (omM^iiB 

Z n O ?^^B^B^»WaSHtc7)#ffl^*'X t ^ LT , 

100 78] tfz. ±j&<^XoiZ. pSZnO*fea± 
<r)if-i-/i7mMMntLXit. Rh/Au, Pt/R 
h, Pd/Au, Pt/Au, Ni/Rh, Ni/P 
t.Ni/Pd. Ni/Ir, I r/Au, I r/R 

h, I r/Pdc7)aa:ffi3tK:|ai!!yffi«rlT-:>fcfc<73^:i;i> 

m^-^hzbt^x'^h. 

[00 7 9] t^, ±IB<Ol|l«l^^S0^1S}4>t:. <>: 

i, zmfh^m^fA^}^-y^^zti>x'^h. mm. 

I I IlK^L-^, vmit^XhhB. Al. Ga. I 
n. P. As. Sb. Bi, V. Nb, Ta^ifA* 

[0080] ±fB£7)i d ^c«ffi^ fflv^;tfflit t . 3|e^ 

[0 081] mMimco^^^^mnmtvx . a 

[0082] pSZ n OS^fefafflcOij-- 5 -y 
(4. pSZnO5;%*^a>gc0Jil=. 0!Ii{fNi/Au^ 

[ 0 0 8 3 ] :t- 5 >y ^«®<50J^SI*^ {Rli.{±\ -114^. 

mcomm^n^hjEmummuzK <^j:h. 

[0084] fiiiH^ t #J«fc:Ail-& t . ?KB«*«1f -5 

i Sr 2 0 0 kmSMML. ^(r>mzAni 3 0 0 0 Ag 

[0085] ^£J<Sl3iCtT. ^5PlBtiX(4M5agif*l'. 
;J^yx >2/^N--y KfflO^SW^t LTT i X(4W^ 
^MMm^kirl^X A u ^i: £7)^Ja«#4Sr}^^-r ^«3t?: 

[0086] nsmmz±.U(r>^MMfA ( t i /a u x 



[0087] *B3$B»lC:fcV^T(4, pSZ n om^l^^B 

izm-r^mfA mtii±ticommmmiztnf^N i > 
imi^mmtw^L. ^cr)±i,zm&$ti^^m^f4if^ 

[ 0 0 8 8 ] m ^^m±. -eix2r««-r 
pmznoms^f^ikmtm.mmLx\.^^. u-^x. ^ 
-5>y^'««&«r?g«-r'5%^t:t5v^T. mi^immn':^ 
- 5 •/ ^^mFizmi^mm^^m^^fz-r. 
[0089] fBL. ±^(r>xdiz^ mimB<7)±mttm 

it. ^,l,zi,im^<^mmi^-t?> tcoiclS^>ix'5:v>. m 

mi. m^^'¥iz}i\^xmimsc^mMm%:mm-r^ 
m^iz. ■i:<r)i^^^ixi>mmif^m^^m^i>zii. it-rLt 
^mt^ti^. znomm^±mizhfzr>xmmzim:t 

[0090] m-m S (r)^MMm<^m^tiM^'>^ t 

mmcrtpm-znomtirmM^-^x. hy^^-ti-^^m 
^x'^-s. viPim^m^^it:hh(r>tm^tx\,-^h, 
[009 1 ] mi±mmt Lxm^'-^^mttm^m^^tm 

^sMmt/^^-^-yi^^iz^^h^ii. mi^sa 

[0092]!^. pSz n omfeSJitc. ±u^m 1 ^ 

■^m^mh<r>-^± (N i -Au^:^^i; ) 2: , mUi:^ 

[0093] AM.<nmmmx\t. z n o^m^^B^^^ 

tTV-^^^itiT. GafcNfccrj^tH— 
pMZ nO^m^SSrJg^LTt. 
[0 0 94] -^fOffi, OTtc:|a0J-rs::&aSrffli.'>-C. P 
SZ nOm^atJJffl^^cOiSfttSrW-^SpfflZ nO^ 

[0095] pMZ n o^m^FB<r)^-S:\.zm\^fzmBa^ 

^^W.t. ±KiORS-MBE|^a (01 ) irPimfiOH 

fib, 01Ct5tt.S.Gaffl^-h2 
aiDft^pDtTeSrAnS. Te <0MJS(46 NTJ)^. 
RS-MBE^Sii. iS^SJTe (2 5) ^riRS-T^fci: 
t, t T e ^ aiga^S * S K -IryP 2 7 S^^r y S J 
{)i;e.TV>.?.. MBE^arttlBZOWf^iTJtRHEED 
;if>-5 li:RHEED;^:J'l>-y5 5t2rfflV->T, MB 

E.mm.Anx'<r>t&i'B^^(r>WFf- i^^m.. ^^Ltzm^B 

[0096] MB^fi2«iOiaK. $ , 
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[00 9 71 J^JlTt-. ZnOS«_htC. pSZnO^m 

[0 0 981 m^fSL^l±:kX MB EmzX^no. 
[00 9 91 ZntfOh'— A:a;{±. l.OXlQ-^Tor 
r-CJbO. Te<7)b'-Afi{±5. 0 x 1 O'^To r rT' 

[0 1 001 Ks^t'-AiOStJ&jghtTti. OCORFT 

[01011 mmt:-M.<Dmi^Mt tT(±, N<?5RFr 

[01021 A'XV-:^Th^^. mm<r):ii- f 3 
1.41 l*|C0EE:^3Ji, . mm (»Si2 s c c m ) 
5X1 O-^To r r . (»it40. 0 3 s c cm) 
2X1 O-^To r rThh, ^^fflSti 6 0 0-Ct'3j 

[0 10 31 z:iX\ ±EcoJS:ftiOfiI«. 

[0 1041 ±IB<J:)>crxv-;^«^t tTti. 
s c cm<:0*{3[SrfflV>3t35*, dflti. ja»ic0j;^t2 5 
"C, 1 ^ETV)gE»Sr^ t^OTfeS . 
[0 10 51l24{i. Zn0^a%$:^:ft-r€./cJ6O251 
OtO^Sro-feX ( ( a ) S.t/ ( b ) ) Sr, i/A- v rJ' S 

10 106104 (a)(i. 2ao<!0{£«-rn-txco-5 
•feco. ||lcO^;R;7'n-fe;?.$:iK-rtOT'fcS, ^Htj 
IC, ZnCTJi^-v-/:?'— Si tOCOi/'-vy^'— Sat^ra 
<. Zn7CSRfc07c5Rt*«S«l 0 0^B±tcm*L.. 
ZnO^faSA^'lSi^-rS. ZnetJ&fi. 0«J&4*0« 

[0 10 71 ^xiS. *Bftffl«-Cl^iifc(i. ZnCOl 
1 0^^^«c7)^S*%ft-r:g,4-C'i^.v/:S'-Si, 

[0 1081 ^^t2l;fcv^TOOv-vv;5'— SsSrWt 
^St3*T£7)[a. Znco;^i5rfi^*&-tS. Zn.ffi*& 
<0^S. TyK-rcOZnOjf 1 0 1 aS^ffitCZniO 
if|SS®**?^«§<ll.. 3S*l£OZnS:S5tS|-rS7tJ6C, t 

ey^^^ix^^Z n T e 1 ^^««*-r & . 
[0 1 091 ^^t,t\ ZnTejfORHEED 
^'{^J'-Xi. ( 2 X 1 ) -CS) O T e l> y f-<?m'S&^ 



[0 110] t5*^A>t6iT-«ora, :^TOv-^ y:5'-& 
5. Te 'J •yf-fc'Sr-5TV^-&^B^, ZnU-yf-O^ffl 
[OlllliJCfc, OcOi^+y^'-Ss^raiCfC 

^. 

[0 1 1 21 ijLhcOlS^&eSittCiO, pSZnO 
[ 0 1 1 3 1 04 ( b ) WS, m~tfO^«rn-fe;?>Sr^ 
[0114] ZncOi^A' y^'-Si€rra#, WSiktCZ 

n7i^imm3izm^\.tz^i,z-r?>, mmtivo 

^«!BJ F— t-i^^/SixT v^^rV>Z n 05:^*-r-l. . 
[0 115] }i!:v%T\ B$rat2T-O<;0£^-v>y:J'-S3S:ffl 

y^'— S2i:N<?3i^-vy^'— S4$^^t. TeTCStNTC 
S i: flt*& L T N H - 1 >- j/ $ fLfc Z n T e S ^ft 

[0 1161 B^t5*»^>t6*-C<0lSI, v-A'-y^'-Ss 

fcS^Jrfflt. ZnTe<?3*^SS®£OlgIE2:tT3. 
[0 117]<J:(C. OcOi'-v>y:J' — S3$rllCbT 
(t,) . SIX. ZnOSr^:R-rS. ^(OmBii. '^M 

1 1 tOfltmi: mmX'h S . iJJLhcOXSSr 3 0 0^ D il 

[0 1 181 i^. ZnOJ<yyrmi0 1imif^^ 
^46»K1 00±tcZntOi:^e^t. BtSff 

[0 1 1 91 JaJi<?)2XS<0\.^-rtL*>5:@/tmfcJg«$ 

ix?>pmznojkMm&mii. z no*n o^jstc:^ 

LT Z n T e ^^^aiOm^-C««$iTJt fc<0T3> 
•2). «Jl$fL/i@1^;i^:»A>h'4f-r-y7°{i:ZnOi:{J 
{5-[5lt-C$)S. ZnTe{±, Nir^mstLX \^-^y 
^■thZtX'pmc^^^i:^, NK-r<?DZnTe 

ji*-A>oNw^i^Wii;iJ[fca:tX;fv-;p-co^aii. ZnO 

3 1 0 Jiict)7t o t s . 

[0 1201 Z:<0j:9K;L-C^«L/iZnO/ZnTe 
^fS^JKi. LX pMffM^t LXCO'&m^ 
•t. 

[0 1 2 1 1 ZnTe(^m^iil^miZbif»bfz. 

[0 12 21 ZnTe'^.iONiOSSS^r, ±ecOBE«^ 
tCiiV>T 0 . 0 5 c c mJilTlCt^S i: > Z nT e fp^<0 
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N<Oh--b->'^^»{i:. 1X1 02» cm-H:JlTtC«Ii4>n 
[0 1 233 Iff* L<{i, fe&ifc^lciOZnOtcK-tr 

[01241 ±ie<?5paz n om^^Bm(r>wmt^mR 

[ 0 1 2 5 ] Z n 03^m^H^a^fflV^Tp - n^$-^ 

me) iT<o3*>. IMA) ffm^^yyv-rzn 

O^H^B® ^jK:^t-i.XSfc . 5 ) <7)P SZ n O^i^B^B 
iS&?e«-ri>XSi; borate, naZnOmfSfHiiSr^gt 
t-i.XS5rffP. «mft>'>'H-rZnO#^aao 
«:i5'5lCnaZnO#ISa*«:KUTi>^V'.. Ga;K- 
V 2 1 ^ fflV-iT Z n 0#.^a£73BK:Rr't't= , nmPfW^<r> 

[0126] J^^StUt nSZ n om«gfB®{is J?$ 1 
timX'hi>. Ga<!Oh'-r»{±. 1 X 1 0" c m-s-ffc 
I.. 

[0 1 2 73 naZnOm*Sa;i±l3. pSZnO^i^ 

[0 1 283 m^^-^mm. WM:^-y^yy'£X\i^ 

[0 1 293 SSaiStT-Jt nSZ n O#SfB«^0^®± 
fc. ey;t(^Al^:i:c0^^i^2^fflV^T^lfgffi^^JFM-r 

[0 1 303 ^ffimz±^</) 6 ) cOXg t |51«<7)X@lc 
mUt. N i/Au^i:<0l^^$rffll->T^2«fii 

[01313 iia^OXStci 0 . Z nOmi^H^iSrfflV^^ 

[0 1 323 ±Mmm.\^ii\'^'Z . ^ 1 LIS 2ffi 

ffit3r7>5.<0^5rElHlirr& f: . P - n »^tc:m*lSlS 
8£3!;fg5ti.l. , pSZ n om^ikm^iziiX^ixfzii'-m^ 
■vDr(«^)i:pSZn 0#^SJi4»0^gC^-v 'J T 

[01 333 ±ie<o P - nm^y>{ it- Ym&im^vz 

[0 1 343 2|s:%H3<0^2cOllM<7)mtCJ:l>^f<^ 

[0 135]ia5tr, pSZnO#*S^iIi:nMZnO 
m^^ilt<^p-ng-^$:fflV>;tLED (L.i ght 
E.m itting Diode) fDEOTtUtSr^H". 

[0 1 363 @5lCS^i-LED{i, -9-7 r 'f 3 0 



TfOffi^a^fiZ n O^N' 7 r Ji 3 0 5 i: , ^<JD±lc:^;ft 
1 tx mcoa7S«ft>' >- H-rz n omsSB^B® 
3 07fc\ ■?-«0±tC^*$iXJt/?§ l;"m<OnS (Ga 
1 XI 0»«cm-3) ^ia^*Zn0^aJB3 
llfc. -e^OiCCJ^^^iXT^wJlS 1 00 nmONi;Ga 
t ^^H-7*t3t±^Opa<50Z n 0^*Maii3 1 5 

[01 373 nMZ n omSSS 3 1 1 ti. A 1 *»^^r 
•Slg 1 «Sg 3 2 1 i: 3 b ? iir (- . 

[01383 i^, n^ZnOBSr^gfigl-rSitSblCti:, G 
acoftbOlCA 1 ^ri:*«^fl6<?531K7C^$- K-tfV^^LT 

[0 1 393 J^F-:?" (N, Ga) tcj; 0?^fiS;$iXi^-p 

azno^g^aas 1 stia^scm^ixTt^s. 

[0 1403 S«t::inx$ix/^opffiz nO^JS^aSS 1 
5{i. fi?i]i.tfSi3N4*>^>^-&ffiiidS3 iSlciOMS 
pMZnO#^H^B«3 1 5<?D±aP«fflfclti. «f« 
i.«ii&P3}^<OiBP*»1teSiS3 1 8 «r«jiU-CJgjS§^t 

[01413 pMZ n om&¥om3 1 5<7)±ffljgjaa!± 
•J>':?^^*«om2««i3 2 5 (mi^SS325a 

(Ni ) h^2±WM325h (Au) ) 

Dy^^ttcoii2«ffi{±. -e-oTH«75iJ'-^<fct— a? 
!{i«psznoji3 1 5<r)±.nm^<^mm.^tmkti>. 
u yiJ^«<oii2m®2 3 5cog:^ri6]}'h:^rogp^i-«, «^ 
M3 1 8±^^«o±^tv^^iiti:^oTl^s. 
[0 14 23 ±&(r>m^i,zii\.yz . Igl«@3 2itii* 
tll2«ffi3 2 5 (325a. 325b) (CT^^^OH 

JE^EHJo-t-g.^:. p-n^^i-)ii:^ri6i«gS[*^ilirs. P 

SZ n 0#^S« 3 1 5 ^l.Z\^X^fltz'}m.^^ 0 T 
i:pSZnO#^aS3 1 54>O^St^^yT 

( jETL ) i; *J%3t1±i!0|ISg-^S:f . lETLi: cOS 

Lvvx^^;Pdf-$-*^l.3e*«B5P 3 2 7*>/i,aji*-r?.. 

ajltatiOa^ftti*^ 3 7 0 n mTh ^ . 
[ 0 1 4 3 3 06 {i. 3ti:^Bjcol|2£7)^S£^7)j^^t;J:S 

(01443 06 ( a ) {±, Z n O/N h'-rcOZ nT 

e*-^,^-&^^S^^^pS^^*t LTfflVK Gab'-r 
COZ n02r nM^^^i: fCfflV^Ttp-njf^-^r^ it- 
K^#tfLED (L_i gh t Emitting D^i 
ode) <Otf jt$r*-rif®llT$>^ . 
[0 14 53 06 (b) ti, ZnO/ZnTe*>^>^S 

[0 1463 06 (a) iZTTCft. 513. LEDti, -^y 
r^'^mm.S Olt. ^<7)±Ccffiigfi^*$n.A;Jf $ 1 0 
nmOy>H-rc0ZnO-'N'>y7rS3 0 5i:. •e'TJjb 

fc:^ft$ixjtJ*$ 1 n miOiam^y >' K-rz n 

I^b^bS 3 0 7 i: . <0±fcBS;«$ tlM^ 1 At m<7) nffl 
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(Ga K— r : 1 x 1 Qi^cm ^ ) ZnOS3 lit. 
■e<?D±{=:J^«§il5t3 0e<OZnOi:ZnTe (N) k 

t^tssiizmm-sitfzm^ms i e mmt Lxm i o 

Onm) tiiitS. 

[0 147] He (b) ItZjri-rXolZ^ ^^H-TpSZ 
nO#igB^3 15 (05) (TJft^^OtC. pMZn05^* 

1 itCTV H— r<:?)Z n OS i: N K— r<OZ nTe S t 

[0 148]Stg^;i3 16ti, ZnO«3 3 1a, 3 
31b. • • •331zfc. ZnTe@333a, 33 
3b. ■ • 3 33zi:C0S£KntmX'm^^tli>. Z 
nO;i331a, 331b. • • - 331 ZiO^'f? t±. 
^v:i:x{flO:ii-^STS)'9. ZnTeJ1333a. 33 

3b. • • ■ 33 3z<r>^^ii^ titmm^'T'mTh 

[0 14 9]^ta^S3 16i7)^{i. 7ti:i.{flOO 
n inSJST'3^«. . Z n 0*n 0 :JJ^iilC*t LT Z n T e 

h' ^-v >y Z n O { Jff |n| fC3b . Z n T e 

7°«0ZnTe«*»i^>ZnOji-^ZnO« 1 O^i^JiCi? 
10 15 0] pS^O^SmttS-^ZnO/ZnTe^tS 

=F-m<^iL\,z . 1 cr>mm<r)mmiz ispszno* 

i/Au*^^>^i.mffiS:J^^i-'S<ltt-J:0. pSZn 
O/Z n T e im^MiZft LX:^- 5 •/ r^S^^ #S >1 

[0 15 1] nMZnOS3 1 1 (06 (a) ) ti. ^ 
im«i321 (Al) fcn^'rJ'^h^tLTV^-S. 

to 15 2] nMZnO«^?^B!ci--S;ti6t{i:. Ga(?D 
iXi^OiZA 1 ^i:iOfl&<03]gl7C*2: \^-i:y^LX t>^ 

[0 15 3] ^*S^S3 1 6{±fe«lcSDl$ix-CV^i,. 
fe:K(cjPX$ix?t®?S^ii3 1 6(j:. W;i(iS i NA»A> 
^fSJfe^MS 18t=i'3-e«i^MS!lgP*^'*SS§ixl>. ^ 
IS3 1 8<7)d^i@f&^JS3 1 6«0±g|5^BC{S. 

3 1 ecDoibcif^Kb h^comma. t&mm3 laizx 
[0154] im^m 316 commmzii^ ma^^-t 

^mU£>Jyi^^(^m29&3 25 (325 a. 325 

5. m2©Ecoa -^^oi^mapti. i^m3 1 8±c^ 

[0 1 5 5] ±IB1Sitt=t5V^r. mi^ffi3 2 1l:*fL 

|g2^iEi3 2 5tcr7;^«o^E*a«nrrsi:. p-ngf 



A^iT^ii-^^^-r («^) i: pSi7)St&^J13 1 6 

^co^w^-vUT (je?l) t*5^*t4Bs*^-ri.. 
[0156] m7iizm2<7m&(r>ms^tizxt^imm. 

(LED) <7)m2i0^^gfifl]Sr^f , 
[0 15 7] I17l2fl;-f LED(±. -9-7r-<-V'»^4 0 
It. ^<0±i::fSia«;S§ixfv:iSS 1 0 nm<r)y>V- 
T<r>1SM&Z n OJ^-y 7 TjB4 0 5 k . -J-cTJit^:^ 
^tltlW^ 1 u m£?)©ia«fty y K-r Z n omfSa^Ji 
4 07i:. -^<7)±t:««Six/iffSl/imOnS (Ga 
H-r : 1 X 1 018 c m-3 ) i^g^^Z n 0#ifeft«4 
Ilk. -eo±(cm$iX?tJl$ 1 OOnmcONtGa 
i:^ftK-rL3tpSZnO»m^Ail4 1 5k?r-t- 
tf. 

[0158] nMZ n 0*«SaM4 1 1 (i. A 1 *>^>^: 
-?>lglti®4 2 1 knyrJ':?' 

[0 159]^. nm.'Lnom'km^-ti>rzmz\i. G 
aoft*>*) tA 1 ^t'(om<D3m7m^ K-tv^^br 

[0 160] ^^H-r (N. Ga) tCt OJ^^SiXJt P 
aZnOa%*tea«4 1 5{i. fett(3SnX$iX-CV>S. 
[0161] a«t:JPX$^t7(ipffiZ nO^#^B^Bii4 
1 5{i:. M;t(fS i3N4*>4>^:S^)K4 1 Slci 0*6 
a^ixS. pSZnOmifeSJl4 1 5<0±SS*ffifc«. 
fifl^{fi«&njgO^P**jeiltBK4 1 85:SilUTm$tt 

[0162] pMZ n 0^*^fB;i4 1 5<D0m±iZ^ 
f^2WM4 25 (|gl^JSe4 2 5a. mifN i . m 

2^JSJ14 2 5b. mtliAu) iim^^tL^. w,2m 
ffi4 2 5(i. ^0'raO:^-=Sr<k ^3&«paZnO^ 

**saS4 1 5«oa®k^fi!lrt5. y 

!t^2SS4 25 (425a. 425b) <r>Wi^W)] 
cr)^^\i. i^M4 1 8±tc«'9±tf?'>:«jti:'5:-5TV^ 
^. l?2«SE4 25 (425a. 425b) {i. ^x. 
{f. N i/AuO^fiBtSrWLTVi-S. 
[0 16 3] m2«Si4 25 (425a. 425b)c0 
±t{i. ±iam2«fii4 25 (425a. 425b) 

m^^tix\.^hw^u^i>mo X a \,zwm^a 2 7*^ 

^$^^TV^^. RWmffi4 2 7{i. Mi.(fAlX{iAg 

[0 1 64] Jje<?)l8iitc;i5(,^T. 151^4 2 lt:S* 

Lm2€ffi4 2 5 (4 2 5a. 4 2 5b) t;T7;^<^fg 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device containing a p mold ZnO system single crystal layer, the 1st metal layer containing at least one 
sort which contacted said p mold ZnO system single crystal layer, and was chosen 'from the group of nickel, Rh, Pt, Pd, and these 
alloys, and a metal which is formed on said 1 st metal layer and is different fi^om said 1 st metal layer or the 2nd metal layer containing 
those alloys. 

[Claim 2] A p mold ZnO system single crystal layer and the 1 st metal layer in which said p mold ZnO system single crystal layer is 
contacted, and a work function contains an about S.OeV metal. The 2nd metal layer which consists of an alloy containing one sort of a 
different metal from the metal which is formed on said 1 st metal layer, and a work function is about S.OeV and forms said 1 st metal 
layer, or these metals, The semiconductor device containing the surface metal layer which it is formed on said 2nd metal layer, and the 
work function becomes from a metal lower than the work function of said 1 st metal layer. 

[Claim 3] Said surface metal layer is a semiconductor device according to claim 2 which has a reflection factor higher than said 2nd 
metal layer. 

[Claim 4] Said surface metal layer is a semiconductor device containing the alloy containing the alloy containing Ag or Ag, aluminum, or 

aluminum according to claim 2. 

[Claim 5] For an about S.OeV metal, said work function is a semiconductor device given in either to claims 2-4 containing the compound 
containing the elements with which it is chosen from from among nickel, Au, C, and Pd, or these elements, or an alloy. 
[Claim 6] For thickness, said 1st metal layer is a semiconductor device given in either to stratified or claims 1-5 whose height is the 
fields of the shape of an island 50nm or less 50nm or less. 

[Claim 7] A semiconductor device given in either to claims 1-6 said whose 1st metal layers are nickel and said whose 2nd metal layers 
are Au. 

[Claim 8] A semiconductor device given in either to claims 1-7 said whose 1st metal layers and said 2nd metal layers are in a **** 
condition. 

[Claim 9] Said p mold ZnO system single crystal is a semiconductor device given in either to claims 1-8 by which a ZnO layer and a 
ZnTe layer are the laminated structures by which the laminating was carried out by turns, and N is doped by said ZnTe layer at least. 
[Claim 10] Said p mold ZnO system single crystal is a semiconductor device given in either to claims 1-8 by which doping of p mold 
impurity and the n mold impurity is carried out. 

[Claim 11] It is the semiconductor device according to claim 10 said whose p mold impurity is N and said whose n mold impurity is Ga. 
[Claim 12] The process which forms the 1st metal layer containing at least one sort chosen from the group of nickel, Rh, Pt, Pd, and 
these alloys on the process for which the p mold ZnO system single crystal layer to which the front face was exposed is prepared, and 
the front face of said p mold ZnO system single crystal layer, The manufacture approach of a semiconductor device including the 
process which forms a different metal from said 1st metal layer, or the 2nd metal layer containing those alloys on said 1st metal layer. 
[Claim 13] The process for which the p mold ZnO system single crystal layer to which the front face was exposed is prepared, and the 
process which forms the 1st metal layer in which a work function contains an about S.OeV metal on the front face of said p mold ZnO 
system single crystal layer, The manufacture approach of a semiconductor device including the process which forms the 2nd metal 
layer which a work function is about S.OeV and consists of an alloy containing different metals from the metal which a work function is a 
metal lower than the work function of said 1st metal layer, and forms said 1st metal layer, or these metals on said 1st metal layer. 
[Claim 14] The manufacture approach of a semiconductor device including the process which heat-treats after the process which 
forms said 1 st and 2nd metal layer according to claim 12 or 13. 

[Claim 15] A substrate, the ZnO system buffer layer formed on said substrate, and the 1st semi-conductor layer containing the 1st 
conductivity type or 2nd conductivity-type ZnO system single crystal layer formed on said ZnO system buffer layer. The 2nd semi- 
conductor layer which is formed on said 1st conductivity type or a 2nd conductivity-type ZnO system single crystal layer, and has said 
1 st conductivity type or a conductivity type contrary to a 2nd conductivity-type ZnO system single crystal layer. The 1 st metal layer 
containing at least one sort which contacted the semi-conductor layer of p mold among said 1 st semi-conductor layer or said 2nd 
semi-conductor layer, and was chosen from the group of nickel. Rh, Pt, Pd, and these alloys. The semiconductor device containing a 
metal which is formed on said 1 st metal layer and is different from said 1 st metal layer, or the 2nd metal layer containing those alloys. 
[Claim 16] A substrate, the ZnO system buffer layer formed on said substrate, and the 1st semi-conductor layer containing either the 
1st conductivity type formed on said ZnO system buffer layer, or a 2nd conductivity-type ZnO system single crystal layer, It is formed 
on said 1 st conductivity type or a 2nd conductivity-type ZnO system single crystal layer, and the 2nd semi-conductor layer which has 
said 1st conductivity type or a conductivity type contrary to a 2nd conductivity-type ZnO system single crystal layer is included. The 
1st metal layer in which the semi-conductor layer of p mold is contacted among said 1st semi-conductor layer or said 2nd semi- 
conductor layer, and a work function contains an about S.OeV metal, The 2nd metal layer which consists of a kind of the alloy 
containing different metals from the metal which is formed on said 1 st metal layer, and a work function is about S.OeV and forms said 
1st metal layer, or these metals. The semiconductor device containing the surface metal layer which it is formed on said 2nd metal 
layer, and a work function becomes from a metal lower than the work function of said 1 st metal layer. 

[Claim 1 7] A substrate, the ZnO system buffer layer formed on said substrate, and the n mold ZnO system single crystal layer formed 
on said ZnO system buffer layer, The p mold ZnO system single crystal layer formed on said n mold ZnO system single crystal layer. 
The 1st electrode in contact with said n mold ZnO system single crystal layer, and the 1st metat layer containing at least one sort 
which contacted said p mold ZnO system single crystal layer, and was chosen from the group of nickel. Rh, Pt, Pd, and these alloys, a 
metal which is formed on said 1 st metal layer and is different from said 1 st metal layer or the 2nd electrode containing the 2nd metal 
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layer containing those alloys, and said 1 st electrode — and — or the OPTO semiconductor device containing opening formed in said 
2nd electrode. 

[Claim 18] A substrate, the ZnO system buffer layer formed on said substrate, and the n mold ZnO system single crystal layer formed 
on said ZnO system buffer layer, The p mold ZnO system single crystal layer formed on said n mold ZnO system single crystal layer. 
The 1st electrode in contact with said n mold ZnO system single crystal layer, and the 1st metal layer in which said p mold ZnO system 
single crystal layer is contacted, and a work function contains an about 5.0eV metal, The 2nd metal layer which consists of an alloy 
containing different metals from the metal which is formed on said 1 st metal layer, and a work function is about S.OeV and forms said 
1st metal layer, or these metals. The OPTO semiconductor device containing opening which was formed on said 2nd metal layer and 
formed in the 2nd electrode containing the surface metal layer which a work function becomes from a metal lower than the work 
function of said 1st metal layer, and said 1st electrode and said 2nd electrode. 

[Claim 19] Said substrate is an OPTO semiconductor device according to claim 17 or 18 with which it is a transparence substrate and 
the reflector which reflects in said substrate side the light by which outgoing radiation is carried out from said opening is prepared on 
said opening. 

[Claim 20] Furthermore, the OPTO semiconductor device according to claim 1 7 or 1 8 with which the 2nd transparence substrate with 
which the 1st wiring section which contacts said 1st electrode and said 2nd electrode electrically, respectively, and the 2nd wiring 
section were formed in the front-face side of said substrate while the reflective section which reflects in the rear-face side of said 
substrate the light which progresses towards said substrate was prepared is arranged. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention — the semiconductor device of a ZnO system — being related — more — a detail — a p form 
ZnO system single crystal — receiving — low — it is related with a semiconductor device including the electrode structure where 
ohmic contact [ ^MeaMt ] is acquired, and its manufacture approach. 
[0002] 

[Description of the Prior Art] As for the ZnO crystal which is a kind of an II-VI group compound semiconductor, the application to 
OPTO semiconductor devices, such as a light emitting device and a photo detector, is expected. Since a ZnO crystal is a semi- 
conductor which has a large band gap (Eg=3.4eV). the luminescence wavelength corresponding to a band gap serves as 360 to 400nm 
ultraviolet radiation. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, ZnO has the property called a unipolar. Although it was comparatively easy to 
realize a n-type semiconductor (n-ZnO) using ZnO, it was difficult to realize a p type semiconductor (p-ZnO). 

[0004] Therefore, it was difficult to form p-n Junction using ZnO, and it difficult to realize the semiconductor device of a ZnO system, 
especially the OPTO semiconductor device which has p-n junction. 

[0005] The report of the purport fr-om which the p mold ZnO crystal was obtained is made by using into ZnO the technique which 
carries out the ^'i' dope (co-dope) of the nitrogen (N) which is p mold impurity, and the gallium (Ga) which is n mold impurity recently. 
The method of more specifically growing up a p mold ZnO single crystal by the pulse laser deposition method, carrying out the ** dope 
(co-dope) of the nitrogen (N) which is p mold impurity, and the gallium (Ga) which is n mold impurity into ZnO is used. 
[0006] By the way, as an ohmic electrode to an n mold ZnO crystal, although aluminum was generally used, there was no knowledge 
about the ohmic electrode which fitted the p mold ZnO crystal from the above situations. 

[0007] This invention aims at offering the semiconductor device which has the ohmic electrode structure of having been suitable for 

the p mold ZnO system crystal, and its manufacture approach. 

[0008] 

[Means for Solving the Problem] According to one viewpoint of this invention, the semiconductor device containing a p mold ZnO 
system single crystal layer, the 1 st metal layer containing at least one sort which contacted said p mold ZnO system single crystal 
layer, and was chosen from the group of nickel, Rh, Pt, Pd, and these alloys, and a metal which is formed on said 1st metal layer and is 
different from said 1 st metal layer or the 2nd metal layer containing those alloys is offered. 

[0009] The process for which the p mold ZnO system single crystal layer to which the front face was exposed is prepared according to 
other viewpoints of this invention, The process which forms the 1st metal layer containing at least one sort chosen from the group of 
nickel, Rh. Pt. Pd. and these alloys on the front face of said p mold ZnO system single crystal layer, The manufacture approach of a 
semiconductor device including a different metal from said 1 st metal layer on said 1 st metal layer or the 2nd metal layer containing 
those alloys, and the process to form is offered. 

[0010] The ZnO system buffer layer which was formed on the substrate and said substrate according to other viewpoints of this 
invention. The 1st semi-conductor layer containing either the 1st conductivity type formed on said ZnO system buffer layer, or a 2nd 
conductivity-type ZnO system single crystal layer. It is formed on said 1 st conductivity type or a 2nd conductivity-type ZnO system 
single crystal layer, and the 2nd semi-conductor layer which has said 1st conductivity type or a conductivity type contrary to a 2nd 
conductivity-type ZnO system single crystal layer is included. The 1st metal layer containing at least one sort which contacted the 
semi-conductor layer of p mold among said 1st semi-conductor layer or said 2nd semi-conductor layer, and was chosen from the group 
of nickel, Rh, Pt. Pd, and these alloys, It is formed on said 1st metal layer, and the semiconductor device containing a different metal 
from said 1st metal layer or the 2nd metal layer containing those alloys is offered. 
[0011] 

[Embodiment of the Invention] Hereafter, the vocabulary with the p mold ZnO system single crystal used in this specification shall also 
contain the semi-conductor single crystal layer which has the same large band gap as ZnO including ZnO as a major component not 
only like a p mold ZnO single crystal but like the superstructure of ZnO and ZnTe. 

[0012] Moreover, "the growth temperature of the low-temperature growth ZnO" defined in this specification is the temperature lower 
about 400 degrees C than temperature with a crystal growth [ for generally growing up a ZnO single crystal ] of 200 to about 600 
degrees C from 1 00 degrees C. "The growth temperature of an elevated-temperature growth single crystal ZnO layer" is the growth 
temperature for which it was suitable when growing up a ZnO single crystal generally, and is temperature [ higher than the above- 
mentioned "growth temperature of the low-temperature growth ZnO" and ] lower than 800 degrees C. for example, is 650 degrees C. 
[0013] The artificer performed examination about the electrode for p mold ZnO semiconducting crystals first. 

[0014] When joining a metal (electrode) and a semi-conductor, the barrier height eVd seen from the semi-conductor side is expressed 
with eVd=phi m-phi s. Here, Vd is [ a metaled (electrode) work function and phis of the diffusion potential of a semi-conductor layer 
and phim ] the work functions of a semi-conductor. 

[0015] When a p type semiconductor and a metal are contacted, the conditions from which good ohmic junction is acquired are 
expressed with phim>phis (p). 

[0016] By the way, work function phi[ of a p mold ZnO semiconducting crystal ] s (p) is as large as about 6.25eV (when an intrinsic 
semiconductor is assumed). In addition, if the amount of dopes of p mold impurity is assumed to be 1018cm-3, it will become about 
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phis7.9eV of work functions. Therefore, as an ohmic electrode material for p mold ZnO system single crystals, it is considered to be 
desirable also from a viewpoint of reducing the contact resistance between metal-semi-conductors to choose the comparatively large 
metal of a work function (phim). 

[0017] As an ohmic electrode material for p mold ZnO system single crystals, specifically nickel (phim=5.15), germanium (phim=5.0), Se 
(phim=5.9), Rh (phim=4.98), Te (phim=4.95). Re (phim=4.96). Since ingredients, such as Ir (phim=5.27), Pt (phim=5.65X Au (phim=5.1), C 
(phim=5.0), and Pd (phim=5.12), have the comparatively large work function, it is thought that it is desirable. 

[0018] In addition, in this specification, work functions are within the limits from 4.5 to 6.0. and the publication "a work function is about 
S.OeV" means preferably that work functions are within the limits from 4.9 to 5.2. 

[001 9] According to the theoretical consideration and the experimental result by the artificer, especially the laminated structure of 
nickel (1st layer metal which contacts p mold ZnO crystal and directiy}/Au (two-layer eye: metal deposited on the metal of the 1st 
layer) is desirable. 

[0020] It turned out that what heat-treated to the laminated structure of Rh/Au, Pt/Rh. Pd/Au. Pt/Au. nickel/Rh. nIckel/Pt nickel/Pd, 
nickel/Ir, Ir/Au, Ir/Rh, and Ir/Pd other than the structure which heat-treated to the laminated structure of Ti/Au is promising. 
[0021] Based on the above knowledge, the semiconductor device which has the above electrode structures as an ohmic electrode to a 
p mold ZnO system single crystal is explained below. 

[0022] The semiconductor device by the gestalt of operation of the 1 st of this invention is explained with reference to a drawing. 
[0023] as an example of the growth equipment for growing up the ZnO system crystal structure which constitutes a semiconductor 
device to be drawing 1 — radical source molecular beam epitaxy (RS-MBE) — the structure of the crystal growth equipment 
(henceforth "RS-MBE equipment") using law is shown. 

[0024] RS-MBE equipment A contains the chamber 1 to which crystal growth is performed, and vacuum pump P which maintains a 
chamber 1 at an ultra-high-vacuum condition. 

[0025] A chamber 1 includes the port 1 1 for Zn for evaporating Zn, the port 21 for Ga for evaporating Ga. O radical port 31 for 
irradiating O radical, and N radical port 41 for irradiating N radical. 

[0026] The port 1 1 for Zn is equipped with heating, and Knudsen cell (Knudsen cell: call it K eel below.) 1 7 and shutter 81 to evaporate 
while it holds the Zn (purity of 7Ns) raw material 1 5. 

[0027] O radical port 31 equipped with the K eel 27 heated and evaporated while the port 21 for Ga holds the Ga raw material 25, and a 
shutter 82 introduces the oxygen gas which is material gas in an electrodeless discharge lamp, and O radical generated using high 
frequency (13.56MHz) is spouted in the MBE chamber 1. The orifice 33 and the shutter 83 are formed to the beam of O radical. 
[0028] N radical port 41 introduces the nitrogen gas which is material gas in an electrodeless discharge lamp, and spouts N radical 
generated using high frequency (13.56MHz) in the MBE chamber 1. Shutter 84 is prepared to the beam of N radical. 
[0029] The structure of the radical ports 31 and 41 is the structure where the induction coil is wound around the outside of the 
discharge tube prepared within outside shielding. 

[0030] In the chamber 1 , the substrate electrode holder 3 holding the sapphire substrate 8 used as the substrate of crystal growth and 
heater 3a for heating the substrate electrode holder 3 are prepared. 

[0031] The temperature of the sapphire substrate S is indirectly measurable by the thermocouple 5 installed in the heater. The location 
of the substrate electrode holder 3 is movable by the manipulator 7 which used bellows. 

[0032] A chamber 1 contains the gun 51 of a reflection electron line DI contact sense non-isolated (RHEED equipment) established in 
order to carry out monitoring of the grown-up crystal layer, and the screen 55 of RHEED equipment. It can grow up using the gun 51 of 
RHEED equipment, and the screen 55 of RHEED equipment, carrying out monitoring of the situation (an amount of growth, grown-up 
quality of a crystal layer) of the crystal growth within MBE equipment A. 

[0033] The temperature of crystal growth, the thickness of the crystal growth film, the degree of vacuum in a chamber, etc. are suitably 
controlled by the control unit 0. 

[0034] Below, ZnO is explained on the sapphire substrate 8 at a detail about the process which grows. 

[0035] Crystal growth is performed by opening and closing from the shutter 81 to 84 suitably by the R8-MBE method. 

[0036] If it considers as the approach of generating the radical source, the RF-MBE method using RF is used. O radical is generated 

using 13.56MHz high frequency by introducing 02 which is material gas in an electrodeless discharge lamp. By making O radical blow off 

in the MBE chamber 1 of a high vacuum condition, it becomes O radical beam. A ZnO thin film is grown up by irradiating O radical beam 

and Zn beam from K cet on the sapphire substrate 8 at coincidence. 

[0037] Drawin g 2 is the sectional view showing the structure of the semiconductor device by the gestalt of this operation. 
[0038] The process for forming in below the semiconductor device shown in drawing 2 is explained. 

[0039] 1) Surface treatment (0001) Wet etching of the sapphire substrate S front face which has a field was carried out for 60 minutes 
in the solution of H3P04:H2SO 4= 1:3 heated at 1 10 degrees C. 

[0040] After performing the above-mentioned surface treatment, the substrate electrode holder 3 ( drawing 1 ) was equipped with the 
sapphire substrate S. 

[0041] The substrate temperature of 600 degrees C and the flow rate of oxygen were set to 2sccm(s), RF power was set in MBE 
equipment under the conditions of 150W. and surface treatment by the oxygen plasma was performed for 1 hour. A sapphire substrate 
S front face is defecated by processing the front face of the sapphire substrate S in MBE equipment 

[0042] 2) Low-temperature growth ZnO buffer layer growth: A buffer layer 101 is first grown up after the above-mentioned substrate 
surface preparation. Unlike the growth conditions of the usual single crystal ZnO substrate, growth under low temperature and Zn 
Rich's conditions is performed (low-temperature growth ZnO layer). The amount of beams of Zn is 4.0x1 0-7Torr, 
[0043] RF plasma source of O is used as a source of supply of an oxygen beam. Pure oxygen (purity of 6Ns) gas is introduced into O 
radical port 21. and it radical-izes using the source of a high frequency oscillation. 

[0044] In flow rate 2.0sccm. 5x1 0-5Torr and RF power of the flow rate of the oxygen which is the gas source are 300W as a partial 
pressure of the oxygen in a chamber. Growth temperature was performed at 500 degrees C. In addition, it is desirable to perform 
growth between 200 degrees C and 600 degrees C. 

[0045] Thickness of the ZnO buffer layer 101 was set to lOnm. In addition, the range of thickness of 10 to lOOnm is desirable. 
[0046] Here, the value of the above-mentioned pressure shows the indicated value of the nude ion gage attached in the substrate 
electrode-holder location (growth location). 

[0047] 3) Flattening processing: After growing up the low-temperature growth ZnO buffer layer 101, flattening processing of the front 
face of the ZnO buffer layer 101 was performed. Heat treatment for 10 minutes was performed in an elevated temperature into which a 
single crystal is grown up as flattening processing, for example, 600 degrees C. In addition, heat treatment time amount is chosen from 
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the time amount for 60 minutes after for 2 minutes. 

[0048] The low-temperature growth ZnO buffer layer 101 which finished growth at low growth temperature is the single crystal which 
has a grain boundary, and is considered to grow epitaxially so that the anisotropy with each same grain may be shown. It mainly 
originates in the grain boundary between the grain, and irregularity is obsen^ed. It is thought that the single crystal of each grain carries 
out solid phase growth, grain size is enlarged and flattening of the front face is carried out by performing the above-mentioned heat 
treatment to the low-temperature growth ZnO buffer layer 101. 

[0049] Since the original surface irregularity is small compared with the case where it is made to grow up on condition that oxygen Rich 
when it is made to grow up especially on condition that Zn Rich, the flat front face which was excellent with flattening processing ts 
easy to be obtained. If a ZnO layer is grown up at an elevated temperature on the low^emperature growth ZnO buffer layer which has 
the outstanding flat-surface front face, a good crystalline single crystal ZnO layer will be easy to be obtained. 

[0050] In the condition [ having grown up (as-grown) ], since grain size is small and a grain boundary is observed, the low-temperature 
growth ZnO buffer layer 1 01 looks also like polycrystal by observation (AtomicForceMlcroscopyrAFM). However, when analysis by the X 
diffraction or the RHEED method is performed, the property of a single crystal is shown. 

[0051] This phenomenon is observed in growth by GaN or ZnO. By carrying out elevated-temperature heat treatment of the low- 
temperature growth ZnO buffer layer 101, it grows up like the case where the irregularity resulting from a grain boundary etc. is solid 
phase growth, and it is thought that a front face carries out flattening. Even if it is going to grow up a single crystal ZnO on the ZnO 
front face which is not flat, the crystallinity does not become good on experience. 

[0052] 4) Growth of an undoping ZnO single crystal layer On the low-temperature growth ZnO buffer layer 101 which subsequently 
carried out flattening, the single crystal (elevated-temperature growth ZnO single crystal layer) 103 of ZnO of undoping was grown up. 
Thickness is 1 micrometer. 

[0053] As growth conditions, substrate temperature is 600 degrees C. The temperature of K eel is 320 degrees 0. The vapor rate of Zn 
in this case is 1 .6A/second. 

[0054] The flow rate of oxygen is 2.0sccm. In this case, the partial pressure of oxygen Is 5x10-5Torr. RF power is 300W. 
[0055] In addition, as growth conditions for the elevated-temperature growth ZnO single crystal layer 103. it is the temperature 
between 600 degrees C and 800 degrees C. and about 1 micrometer grows. 

[0056] After fonming the low-temperature growth ZnO buffer layer 101 and performing flattening processing of the front face, the 
crystallinity of the ZnO single crystal layer 103 of undoping improved by growing up the ZnO single crystal layer 103 of elevated- 
temperature growth undoping at high growth temperature on it. 

[0057] When many crystal defects are introduced during a ZnO crystal, the conductivity of powerful n mold is shown also in the 
condition of not introducing an impurity. The elevated-temperature growth undoping ZnO single crystal layer 103 which grew using the 
above-mentioned crystal growth method has very few crystal defects. In the ZnO single crystal which grew by the conventional crystal 
growth approach, it also becomes possible to realize ZnO which shows the conductivity of difficult p mold. Since a crystal defect which 
forms the pin center.large non-emitting light is reduced sharply, it is thought that luminous efficiency also became very high. 
[0058] 5) Growth of a p mold ZnO single crystal layer Next, the p mold ZnO single crystal layer 107 was grown up. 

[0059] The growth conditions of the p mold ZnO single crystal layer 107 are the same as the growth conditions of the above-mentioned 
undoping ZnO single crystal layer 103 almost. 

[0060] However, crystal growth was performed at 550 degrees C. In addition, as growth temperature, the range of 500 to 700 degrees C 

is desirable. 

[0061] In addition to Ga which is a dopant for the n molds ZnO, as a dopant, N was usually used. K eel temperature of Ga is 600 
degrees C. In ZnO crystal growth, N plasma was introduced in the chamber and N was doped. The flow rates of N2 gas at the time of 
generating N plasma are O.lsccm(s) and RF power 300W. Thickness Is 1 micrometer. 

[0062] Evaluation by hole measurement was performed about the grown-up p mold ZnO single crystal 107. It was checked that the 
conductivity of p mold is actually shown. Resistivity is 1.78-ohmcm. p mold high impurity concentration is 5.47x1 01 7cm-3. 
[0063] By optimizing crystal growth conditions, it is expected that the p mold ZnO single crystal layer of higher high impurity 
concentration, for example, about [ 1019cm - ] three high impurity concentration, is obtained. 

[0064] 6) Formation of an ohmic electrode: Subsequently to the p mold ZnO single crystal layer 1 07 top, the process which forms an 
electrode is explained. 

[0065] First after growing up to the pZnO single crystal layer 107, the sapphire substrate S is taken out fi^om the MBE chamber 1 
( drawin g 1 ). After forming the mask pattern for vacuum evaporationo, the sapphire substrate S is attached in vacuum evaporationo 
equipment. 

[0066] nickel is vapor-deposited by the thickness of 70A as 1st metal layer 108a on a p mold ZnO single crystal in vacuum 
evaporationo equipment Subsequently, 3500A of Au(s) is formed as 2nd metal layer 108b. Two or more nIckel/Au electrodes 108 are 
formed in the location which only predetermined distance left 

[0067] The substrate with which the nickel/Au electrode 108 was formed was taken out from the inside of vacuum evaporationo 
equipment, and the substrate was heat-treated with lamp heating in nitrogen-gas-atmosphere mind. Heating temperature is 500 
degrees C and heating time is 20 seconds. 

[0068] In addition, it is also possible to use an ingredient independent as the above-mentioned electrode material, for example, Au. 
[0069] When heat-treating, heating conditions can be performed in 200 to 600 degrees C. The range of 300 to 500 degrees 0 is 
suitable. It is desirable to perform heat treatment under the ambient atmosphere of inert gas, such as nitrogen (N2) and an argon (Ar). 
[0070] In addition, since ZnO Is used as the crystal ingredient, it is also possible to heat-treat under [. such as inside of atmospheric air 
and the bottom of an oxygen gas ambient atmosphere, ] existence of oxygen gas. If it heat-treats under existence of oxygen gas. 
dissociation of the oxygen fi'om a ZnO crystal can be prevented. 

[0071] The heating time in the case of heat-treating is from 1 second before 10 minutes. It is desirable for 1 second to 3 minutes that 
it is less than 1 minute preferably practical. 

[0072] The result of having evaluated the electrical characteristics of the nickel/Au electrode 108 formed on the p mold ZnO crystal 

layer 107 formed in drawing 3 of the above-mentioned process using the measuring instrument 109 ( drawing 2 ) is shown. 

[0073] The size of a sapphire substrate is about 10mmxl2mm. On this sapphire substrate, two or more nickel/Au electrodes 108 

( drawing 2 ) which aligned in the lengthwise direction and the longitudinal direction in 5mm pitch were formed. 

[0074] The size of each electrode is phiO.lmm. The inter-electrode current-voltage characteristic was evaluated among these 

electrodes using the electrode of a pair. Drawing 3 shows the current-voltage characteristic acquired at this time. The ohmic property 

almost linear as a result was acquired. 
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[0075] Moreover, the value of the contact resistance surveyed at this time is about abbreviation 3.3kohm. The called-for contact 

resistivity is abbreviation 1xlO-2ohmcm2. 

[0076] As mentioned above, if p mold high impurity concentration is made high by optimizing the growth conditions of the p mold ZnO 
single crystal layer 107, the sheet resistance of the p mold ZnO single crystal layer 107 will become still lower. In addition, the contact 
resistance between the p mold ZnO single crystal layer 107 and the nickel/Au electrode 108 is reduced further. 

[0077] Although it set to the semiconductor device by the gestalt of operation of the 1 st of above-mentioned this invention and the 
two-layer laminated structure of nickel/Au was used as an ohmic electrode for p mold ZnO single crystals, by heat treatment after 
electrode formation, the electrode structure of nickel/Au may form the alloy film of **** one, and the laminated structure may be 
maintained. With the alloy film which harmonized completely, it may react with a p mold ZnO system single crystal and the controlled 
atmosphere at the time of heat treatment and the alloy film which contains a part of these in a component may be included. For 
example, counter diffusion is carried out, and a laminated structure is contained by a certain factor (for example, heat energy added at 
the time of heat treatment), homogeneous diffusion or also when the order nature as a laminated structure is lost. 
[0078] Moreover, as an ohmic electrode material on a p mold ZnO single crystal. Rh/Au, Pt/Rh. Pd/Au, Pt/Au, nickel/Rh, nickel/Pt, 
nickel/Pd, nickel/Ir, Ir/Au, Ir/Rh. the thing that heat-treated to the laminated structure of Ir/Pd can be used as mentioned above. 
[0079] Moreover, the metallic material listed into the electrode material of the 1st above-mentioned field at a degree can also be 
doped. For example, B, aluminum. Ga. In. Y. P. As. Sb. Bi. V, Nb, Ta. etc. which are an III group compound and V group compound are 
mentioned. 

[0080] The structure using the above electrodes shall also go into the range of this invention. 

[0081] Furthermore, Ag and aluminum can also be used as a metallic material with a high reflection factor. 

[0082] As for the ohmic electrode for p mold ZnO system single crystals, electrodes, such as nickel/Au, should Just touch on a p mold 
ZnO system single crystal layer. 

[0083] The gestalt of an ohmic electrode may have which gestalten, such as the shape of stratified and an island, and an alloy. 
Especially, after heat treatment, the ohmic electrode is the shape of an island, and a gestalt like an alloy in many cases. In fact, it is 
hard coming to give a definition the thickness of each electrode material itself correctly. 

[0084] When mass-production nature etc. is taken into consideration, it is the case where the most suitable process conditions vapor- 
deposited about 200A of nickel, vapoi^deposited about 3000A of Au(s) after that within the limits of the experiment which the artificer 
conducted, and it heat-treats after that. 

[0085] A heat treatment fr'ont stirrup can also use the structure which forms metallic materials, such as Au, through metallic materials, 
such as Ti or W, after heat treatment as a metallic material for bonding pads if needed. 

[0086] When the above-mentioned metallic material (Ti/Au or W/Au) is deposited before heat treatment, it is also considered that the 
metallic material and ohmic electrode material for bonding pads are spread mutually, and form a still more complicated alloy by heat 
treatment performed after that. 

[0087] In this specification, the ingredient (for example, nickel in the gestalt of the above-mentioned operation) which touches a p mold 

ZnO system single crystal is called the 1st metal layer, and the metallic material formed on it is called the 2nd metal layer. 

[0088] The metallic material with which the 1 st metal layer constitutes it touches a p mold ZnO system single crystal layer and directly. 

Therefore, when forming an ohmic electrode, the 1st metal layer plays the role most important for an ohmic property etc. 

[0089] However, the metallic material of the 1st layer is not restricted to what has a layer-like gestalt in fact as mentioned above. For 

example, when vapor-depositing the metallic material of the 1st layer in a vacuum evaporationo in a plane, and the thickness planned is 

thin, a metallic material does not necessarily accumulate in the shape of a layer over the whole surface on the front face of ZnO. 

Rather, a metallic material is formed in the shape of an island in many cases. 

[0090] A thin thing is important for the thickness of the metallic material of a first pass eye, and it contacted the big metallic material 
of a wori< function, and the p mold-ZnO layer of a high hole carrier consistency, and is presumed to be that in which ohmic contact is 
formed by the work like a tunnel. 

[0091] In using a metallic material thin as the 1st metal layer, the 2nd metal layer which had a certain amount of thickness on the 1st 
metal layer practically is needed. The effect which it has on an ohmic property does not have the large metallic material which forms 
the 2nd metal layer compared with the metallic material which forms the 1 st metal layer. However, it is desirable to use an above- 
mentioned metallic material in practice. 

[0092] In addition, the approach of depositing the alloys (nickel-Au alloy etc.) of the metallic material which forms the above-mentioned 
1st metal layer on a p mold ZnO single crystal, and the metallic material which forms the above-mentioned 2nd metal layer for example, 
by the sputtering method is also effective. 

[0093] In the above-mentioned example, the p mold ZnO system single crystal was formed by the approach of Ga and N which carries 
out a ** dope while having grown up the ZnO system single crystal. 

[0094] In addition, the p mold ZnO system single crystal which has a property almost equivalent to a p mold ZnO single crystal can be 
formed using the approach explained below. 

[0095] The crystal growth equipment used for growth of a p mold ZnO system single crystal is the same equipment as above RS-MBE 
equipment ( drawin g 1 ). However, Te is put in instead of Ga all over the port 21 for Ga in drawin g 1 . The purity of Te is 6Ns. RS-MBE 
equipment is equipped with the K eel 27 and shutter S2 which carry out heating evaporation of the Te while it holds a raw material Te 
(25). It can grow up using the RHEED gun 51 and the RHEED screen 55 which were attached in MBE equipment, carrying out monitoring 
of the situation (an amount of growth, grown-up quality of a crystal layer) of the crystal growth within MBE equipment A. 
[0096] The temperature of crystal growth, the thickness of the crystal growth film, the degree of vacuum in a chamber, etc. are suitably 
controlled by the control unit C. 

[0097] Below, the process which grows a p mold ZnO system single crystal layer on a ZnO substrate is explained. 
[0098] All crystal growth is performed by the MBE method. 

[0099] The amount of beams of Zn is 1.0xlO-7Torr. and the amount of beams of Te is 5.0x1 0-7Torr. 

[0100] RF plasma source of O is used as a source of supply of an oxygen beam. Pure oxygen (purity of 6Ns) gas is introduced into O 
radical port 31, and it radicaHzes using the source of a high frequency oscillation. 

[0101] RF plasma source of N is used as a source of supply of a nitrogen beam. Pure nitrogen (purity of 6Ns) gas is introduced into N 
radical port 41 , and it radicaHzes using the source of a high frequency oscillation. 

[0102] Oxygen (flow rate 2sccm) is [ 5x10-5Torr and the nitrogen (flow rate 0.03sccm) of the port 31 of the oxygen which is the gas 

source, and nitrogen, and the pressure in 41 ] 2x10-6TorKs) respectively. Growth temperature is 600 degrees C. 

[0103] Here, the value of the above-mentioned pressure shows the indicated value of the nude ion gage attached in the substrate 
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electrode-holder location (growth location). 

[0104] Moreover, as a flow rate of the above-mentioned gas source, although the unit of seem was used, this shows the flow rate in 25 
degrees C and one atmospheric pressure as everyone knows. 

[0105] Drawing 4 shows two kinds of growth processes ((a) and (b)) for growing up a ZnO crystal by the closing motion sequence of S4 
from a shutter SI. 

[0106] Drawing 4 (a) shows the 1 st growth process of two kinds of growth processes. To time amount t1, the shutter S3 of the 
shutters SI and O of Zn is opened. Zn element and O element come flying on substrate 100 front face, and a ZnO crystal layer grows. 
A ZnO crystal grows per molecular layer by controlling growth parameters, such as Zn amount of supply and O amount of supply. 
[0107] In addition, one molecular layer means the crystal unit which consists of one atomic layer of Zn, and one atomic layer of O on 
these specifications. Shutters SI and S3 are opened until the crystal of ten molecular layers grows. 

[0108] The shutter S3 of O is closed in time amount t2, and only Zn is supplied before time amount t3. The termination side of Zn is 
formed in the ZnO layer 1 01 a maximum front face of undoping as a result of Zn supply. Since it is desorbed from superfluous Zn, atl 
shutters are closed from t3 before t4. In time amount t4, shutter S4 of the shutters S2 and N of Te is made open, and Te and N are 
supplied on the termination side of Zn. When Zn termination side, Te, and N Join together, one molecular layer of ZnTe layers by which 
N was doped grows. 

[0109] In addition, at time of day t4, the RHEED pattern of a ZnTe layer is (2x1). and shows Te Rich's condition. 
[01 10] All shutters are closed from t5 before t6, it •'f^*^ and an excessive atom is exhausted. Then, the shutter SI of Zn is opened 
again and the termination side of ZnTe is corrected. The front face which is Te Rich is changed into Zn Rich's front face. This makes 
surface morphology and a polar improvement. 

[0111] Next the shutter S3 of O is made open (t7), and ZnO is grown up again. This condition is equivalent to the condition of time of 
day tl . The above process is repeated 30 times. 

[0112] By passing through the above process, a p mold ZnO system single crystal can be grown up. 

[01 1 3] The second growth process is shown in drawin g 4 (b). The outiine of a growth process is shown below. 

[01 14] The shutter SI of Zn is opened and it changes into the condition of having supplied Zn element continuously on the substrate. 
The shutter S3 of O is opened by time amount t2, O element is supplied and ZnO by which impurity doping is not carried out positively 
is grown up. 

[01 1 5] Subsequently, after closing the shutter S3 of O by time amount t2 and suspending supply of O element, shutter S4 of the 
shutters S2 and N of Te is opened by time amount t4, and the ZnTe layer which supplies Te element and N element and by which N 
was doped is grown up. 

[01 1 6] A shutter S3 and S4 are closed from time amount t5 before t6, and the termination side of ZnTe is corrected. 

[01 1 7] Next, the shutter S3 of O is made open (t7), and ZnO is grown up again. This condition is equivalent to the condition of time of 

day tl . The above process is repeated 30 times. 

[01 18] In addition, in forming the ZnO buffer layer 101, after supplying Zn and O on a substrate 100 beforehand and growing up the ZnO 
layer of desired thickness, the above-mentioned process is performed. 

[01 19] As for the p mold ZnO system single crystal layer formed after passing through either of the above two processes, the 
laminating of the ZnTe is carried out for ZnO at a rate of one molecular layer to ten molecular layers. The band gap of the superlattice 
layer by which the laminating was carried out is almost the same as ZnO. ZnTe shows the conductivity of p mold with doping N as an 
impurity. The impurity diffusion of N from the ZnTe layer of N dope and migration of a hole are produced over ten molecular layer 
among ZnO layers. 

[0120] Thus, the grown-up ZnO/ZnTe supeHattice layer shows the property as a conductive layer of p mold as a whole. 

[0121] The thickness of ZnTe was limited to one molecular layer. It is the thickness below critical thickness and distortion generated in 

a growth phase can be suppressed small. The surface morphology of a growth phase can be made good. 

[0122] If the flow rate of N to ZnTe is set to 0.05 or less ccms in the above-mentioned growth conditions, the amount of doping of N to 
the inside of ZnTe will be stopped by three or less [ 1x1 020cm - ]. 

[0123] Preferably, N concentration doped by ZnO by diffusion etc. is stopped lower than the doping concentration of N doped by ZnTe. 
[0124] The diode which has p-n junction can be created using the manufacturing technology of the above-mentioned p mold ZnO 
system single crystal layer, and the formation technique of an ohmic electrode over a p mold system ZnO single crystal. 
[0125] In order to form the diode which has p-n Junction using a ZnO system single crystal, while from the above-mentioned process 1 
to a process 6, the process which forms an n moid ZnO single crystal layer between the process which grows the elevated- 
temperature growth non dope ZnO single crystal layer of a process 4, and the process which forms the p mold ZnO single crystal layer 
of 5 is performed. You may grow up an n mold ZnO single crystal instead of an elevated-temperature growth non dope ZnO single 
crystal layer. Ga used as a dopant of n mold impurity during growth of a ZnO single crystal using the Ga port 21 is doped. 
[0126] The formed n mold ZnO single crystal layer is 1 micrometer in thickness. The amount of dopes of Ga is 1x1018cm-3. 
[0127] On an n mold ZnO single crystal layer, a p mold ZnO single crystal layer is formed. 

[0128] After crystal growth termination, by the liquid phase etching method or the gas-phase-etching method, a p mold ZnO single 
crystal layer is etched, and the front face of an n moid ZnO single crystal layer is exposed. 

[0129] On the front face of the exposed n mold ZnO single crystal layer, ingredients, such as aluminum, are used and the 1st electrode 
is formed. 

[0130] According to the above-mentioned process of 6, and the same process, the 2nd electrode is formed using ingredients, such as 
nickel/Au, after that. 

[0131] Of the above-mentioned process, the p-n junction diode using a ZnO single crystal is formed. 

[0132] In the above-mentioned structure, if the electrical potential difference of plus is impressed to the 2nd electrode to the 1st 
electrode, forward current will flow to p-n Junction. The minority carrier (electron) poured in into the p moid ZnO single crystal layer 
and the majority carrier in a p mold ZnO single crystal layer (electron hole) carry out radiation recombination. The light which has 
energy almost equal to the energy gap of a forbidden band in the case of the recombination of an electron and an electron hole occurs. 
That is. electric energy is transformed into luminous energy. 

[01 33] An OPTO semiconductor device is made using the above-mentioned p-n junction diode structure. 

[01 34] The semiconductor device (OPTO semiconductor device) by the gestait of operation of the 2nd of this invention is explained. 
[0135] The cross-section structure of LED (Light Emitting Diode) which used the p-n junction of a p mold ZnO single crystal layer and 
an n mold ZnO single crystal layer for drawing 5 is shown. 

[0136] The low-temperature growth ZnO buffer layer 305 of a non dope with a thickness of lOnm by which low-temperature growth of 
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the LED shown in drawin g 5 was carried out on it with the sapphire substrate 301, The elevated^emperature growth non dope ZnO 
single crystal layer 307 with a thickness of 1 micrometer which grew on it. The ZnO system single crystal layer 315 of above-mentioned 
p mold which carried out the ** dope of the n mold (Ga dope: lx1018cm-3) elevated-temperature growth ZnO single crystal layer 311 
with a thickness of 1 micrometer which grew on it, and N and Ga with a thickness of lOOnm formed on it is included. 
[0137] It is in contact with the n mold ZnO single crystal layer 31 1 with the 1st electrode 321 which consists of aluminum. 
[01 38] In addition, in order to form an n mold ZnO layer, other 3 group elements, such as aluminum, may be doped instead of Ga. 
[0139] The p mold ZnO system single crystal layer 315 formed of the ** dope (N, Ga) is processed in the shape of an island. 
[0140] The p mold ZnO single crystal layer 315 processed in the shape of an island is covered with the insulator layer 318 which 
consists of Si3N4. Opening of for example, an approximate circle form penetrates an insulator layer 318 in the up front face of the p 
mold ZnO single crystal layer 315, and is formed in it. 

[0141] On the top-face periphery of the p mold ZnO single crystal layer 315, the ring-like 2nd electrode 325 (1st metal layer 325a 
(nickel) and 2nd metal layer 325b (Au)) is formed. A part of the inferior surface of tongue [ at least ] of the ring-like 2nd electrode 
contacts the periphery on the front face of up of the p mold ZnO layer 315. The part of the method of the outside of the direction of a 
path of the ring-like 2nd electrode 235 has structure which ran aground on the insulator layer 318. 

[01 42] In the above-mentioned structure, if the electrical potential difference of plus is impressed to the 2nd electrode 325 (325a. 
325b) to the 1st electrode 321, forward current will flow to p-n junction. The minority carrier (electron) poured in into the p mold ZnO 
single crystal layer 315 and the majority carrier in the p mold ZnO single crystal layer 315 (electron hole) carry out luminescent 
recombination. The light which has energy equal to the energy gap of the forbidden band of ZnO in the case of the recombination of an 
electron and an electron hole carries out outgoing radiation from opening 327. The wavelength of outgoing radiation light is about 
370nm. 

[0143] Drawing 6 is the sectional view showing the 1st modification of the semiconductor device by the gestalt of operation of the 2nd 
of this invention. 

[0144] Drawing 6 (a) is the sectional view showing the structure of LED (Light Emitting Diode) containing the p-n junction diode using 
ZnO of Ga dope as a n-type semiconductor, using the supeHattice which consists of ZnTe of a ZnO/N dope as a p type semiconductor. 

[0145] Drawing 6 (b) is the sectional view showing the superstructure which consists of ZnO/ZnTe. 

[0146] The ZnO buffer layer 305 of a non dope with a thickness of lOnm by which low-temperature growth of the LED was carried out 
on it with the sapphire substrate 301 as shown in drawing 6 (a), The elevated-temperature growth non dope ZnO single crystal layer 
307 with a thickness of 1 micrometer which grew on it. It grows up on it and the n mold (Ga dope: 1x1018cm-3) ZnO layer 31 1 with a 
thickness of 1 micrometer and the superiattice layer 316 (about lOOnm as total thickness) to which the laminating of ZnO of 30 layers 
formed on it and the ZnTe (N) was carried out by turns are included. 

[0147] As shown in drawing 6 (b), a superiattice layer is used as a p mold ZnO system single crystal layer instead of the dope p mold 
ZnO single crystal 315 ( drawin g 5 ). The superiattice layer 316 of the ZnO layer of undoping and the ZnTe layer of N dope is used on 
the n mold ZnO layer 31 1. 

[0148] the superiattice layer 316 — the ZnO layers 331a and 331b and ... it is formed by the crosswise lamination of 331z and the ZnTe 
layers 333a, 333b, .... 333z. the ZnO layers 331a and 331b and ... each of 331 Z — for example, ten molecular layers — it is — the ZnTe 
layers 333a and 333b and ... each of 333z is for example, one molecular layer. 

[0149] The total thickness of the superiattice layer 316 is about lOOnm. The laminating of the ZnTe is carried out for ZnO at a rate of 
one molecular layer to ten molecular layers. The band gap of the superiattice layer by which the laminating was carried out is almost 
the same as ZnO. ZnTe shows the conductivity of p mold with doping N as an impurity. The impurity diffusion of N and migration of a 
hole arise from the ZnTe layer of N dope over ZnO layer 10 molecular layer to a ZnO layer. 

[0150] On the ZnO/ZnTe superiattice layer which shows the conductivity of p mold, ohmic junction can be acquired to a p mold . 
ZnO/ZnTe superiattice layer by forming the electrode which consists of nickel/Au by the same approach as the ohmic electrode for p 
mold ZnO single crystals by the gestalt of implementation of the above 1st. 

[0151] It is in contact with the n mold ZnO layer 311 ( drawing 6 (a)) with the 1st electrode 321 (aluminum). 

[01 52] In order to form an n mold ZnO layer, other 3 group elements, such as aluminum, may be doped instead of Ga. 

[0153] The superiattice layer 316 is processed in the shape of an island. As for the superiattice layer 316 processed in the shape of an 

island, the lateral part is covered with the insulator layer 318 which consists of SIN. Opening of for example, an approximate circle form 

is formed in the up front face of the superiattice layer 316 among insulator layers 318. Covering protection of the side face is carried 

out by the insulator layer 318 at least among the superiattice layers 316 processed in the shape of an island. 

[0154] The ring-like 2nd electrode 325 (325a. 325b) which has opening is formed in the periphery of the superiattice layer 316. As for 
the ring-like 2nd electrode, the inferior surface of tongue by the side of the inner circumference contacts the periphery on the front 
face of up of the superiattice layer 316. The periphery section has structure which ran aground on the insulator layer 318 among the 
2nd electrode. 

[01 55] In the above-mentioned structure, if the electrical potential difference of plus is impressed to the 2nd electrode 325 to the 1 st 
electrode 321, forward current will flow to p-n junction. The minority carrier (electron) poured in into the superiattice layer 316 of p 
mold and the majority carrier in the superiattice layer 316 of p mold (electron hole) carry out radiation recombination. The light which 
has energy almost equal to the energy gap of a forbidden band in the case of the recombination of an electron and an electron hole 
emits from said opening. That is, electric energy is transformed into luminous energy. 

[0156] The 2nd modification of the semiconductor device (LED) by the gestalt of the 2nd operation to drawing 7 is shown. 

[0157] The low^emperature growth ZnO buffer layer 405 of a non dope with a thickness of lOnm by which low-temperature growth of 

the LED shown in drawing 7 was carried out on it with the sapphire substrate 401, The elevated-temperature growth non dope ZnO 

single crystal layer 407 with a thickness of 1 micrometer which grew on it, The p mold ZnO system single crystal layer 41 5 which 

carried out the ^ dope of the n mold (Ga dope: 1x1018cm-3) elevated-temperature growth ZnO single crystal layer 411 with a 

thickness of 1 micrometer which grew on it, and N and Ga with a thickness of lOOnm formed on it is included. 

[0158] It is in contact with the n mold ZnO single crystal layer 411 with the 1st electrode 421 which consists of aluminum. 

[0159] In addition, in order to form an n mold ZnO layer, other 3 group elements, such as aluminum, may be doped instead of Ga. 

[0160] The p mold ZnO system single crystal layer 415 formed of the ** dope (N, Ga) is processed in the shape of an island. 

[0161] The p mold ZnO system single crystal layer 415 processed in the shape of an island is covered with the insulator layer 418 

which consists of Si3N4. Opening offer example, an approximate circle form penetrates an insulator layer 418 in the up front face of 

the p mold ZnO single crystal layer 41 5, and is formed in it. 
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[0162] On the front face of the p mold ZnO system single crystal layer 415, the 2nd electrode 425 (1st metal layer 425a, for example, 
nickel, and 2nd metal layer 425b, for example, Au) is formed. A part of the inferior surface of tongue [ at least ] of the 2nd electrode 
425 contacts the front face of the p mold ZnO system single crystal layer 415. The part of the method of the outside of the direction 
of a path of the 2nd electrode 425 (425a, 425b) formed in the shape of a ring has structure which ran aground on the insulator layer 
41 8. The 2nd electrode 425 (425a, 425b) has the electrode structure of nickel/Au. 

[01 63] On the 2nd electrode 425 (425a. 425b), the reflector 427 is formed so that opening currently formed in the 2nd electrode 425 
(425a, 425b) of the above may also be covered. The reflector 427 is formed with the metailic material with a high reflection factor like 
aluminum or Ag. 

[0164] In the above-mentioned structure, if the electrical potential difference of plus is impressed to the 2nd electrode 425 (425a. 
425b) to the 1st electrode 421, forward current will flow to p-n junction. The minority carrier (electron) poured in into the p mold ZnO 
system single crystal layer 415 and the majority carrier in the p mold ZnO system single crystal layer 415 (electron hole) carry out 
luminescent recombination. The light which has energy almost equal to the energy gap of a forbidden band in the case of the 
recombination of an electron and an electron hole occurs. That is. electric energy is transformed into luminous energy. 
[0165] The generated light penetrates the sapphire substrate 401. It is reflected by the reflector 427 and, flnaliy the light by which 
outgoing radiation is carried out to a sapphire substrate 401 and reverse side penetrates the sapphire substrate 401. The wavelength of 
the light which penetrates the sapphire substrate 401 is about 370nm. 

[0166] The 3rd modification of the semiconductor device (LED) by the gestalt of implementation of the above 2nd is shown in drawin g 
8 . 

[01 67] LED shown in drawing 8 is flip chip type LED. 

[01 68] This flip chip type of LED has the structure of LED shown in drawing 5 , and the same structure. 

[0169] The low-temperature growth ZnO buffer layer 305 of the non dope with a thickness of lOnm by which low-temperature growth 
was carried out more on it with the sapphire substrate 301 at the detail. The elevated-temperature growth non dope ZnO single crystal 
layer 307 with a thickness of 1 micrometer which griew on it. The above-mentioned p mold ZnO system single crystal layer 315 which 
carried out the ** dope of the n mold (Ga dope: 1x1018cm-3) elevated-temperature growth ZnO single crystal layer 311 with a 
thickness of 1 micrometer which grew on it, and N and Ga with a thickness of 100nm formed on it is included. 
[01 70] It is in contact with the n mold ZnO single crystal layer 311 with the 1 st electrode 321 which consists of aluminum. 
[0171] The p mold ZnO system single crystal layer 315 formed of the ^ dope (N, Ga) is processed in the shape of an island. 
[0172] a part of p mold ZnO system single crystal layer 315 — the 2nd electrode 325 (325a, 325b) is formed on a field. The 2nd 
electrode 325 (325a, 325b) has the electrode structure of nickel/Au. The reflector 331 which consists of a metallic material with high 
reflection factors, such as aluminum and Ag, is formed in the rear face of the sapphire substrate 301 . 

[0173] The rear face (side in which the reflector 331 is formed) of the sapphire substrate 301 of LED which has the above-mentioned 
structure is turned up, and it carries on the glass substrate 341 currently prepared separately. 

[0174] The 1st and 2nd circuit patterns 345a and 345b formed of Ti/Au are formed more in the predetermined field on a glass 
substrate 341 at the detail. 

[0175] 1st circuit pattern 345a is electrically connected with the 1st electrode 311 through the bump 347. 
[0176] 2nd circuit pattern 345b is connected with the 2nd electrode 325 (325a, 325b) directly electrically. 

[0177] In the above-mentioned structure, if an electrical potential difference is impressed between the 1st and 2nd circuit pattern 345a 
and 345b so that the electrical potential difference of plus may be impressed to the 2nd electrode 325 (325a, 325b) to the 1st 
electrode 321, forward current will flow to p-n junction. The minority carrier (electron) poured in into the p mold ZnO system single 
crystal layer 315 and the majority carrier in the p mold ZnO system single crystal layer 315 (electron hole) carry out luminescent 
recombination. In the case of the recombination of an electron and an electron hole, the light which has energy equal to the energy gap 
of the forbidden band of ZnO carries out outgoing radiation, and penetrates a glass substrate 341. It is reflected by the reflector 331 
and. finally the light by which outgoing radiation is carried out to a glass substrate 341 and reverse side penetrates a glass substrate 
341. The wavelength of the light which penetrates a glass substrate 341 is about 370nm. 

[01 78] In addition, in the gestalt of this above-mentioned operation, although LED was explained as an example of the semiconductor 
device using the p-n Junction of a p mold ZnO system single crystal layer and an n mold ZnO single crystal layer, it is also possible to 
form a laser component combining a p mold ZnO system single crystal layer and an n mold ZnO single crystal layer. In addition, it 
cannot be overemphasized that it is also possible to manufacture the semiconductor device which combined electron devices, such as 
FET and a bipolar transistor, other optical devices, and these combining a p mold ZnO single crystal layer. 

[01 79] As mentioned above, although this invention was explained in accordance with the gestalt of operation, this invention is not 
restricted to these. Various process parameters of the conditions and others of crystal growth can also be chosen. In addition, it is 
obvious *5Mej|oMe in this contractor for various modification, amelioration, combination, etc. to be possible. 
[0180] 

[Effect of the Invention] The semiconductor device which has a good ohmic electrode to a p mold ZnO system single crystal layer can 
be formed. 

[0181] When a semiconductor device is formed, operating voltage can be lowered and low-power-ization is attained. Since the 
parasitism resistance resulting from an ohmic electrode can be reduced, the effect of generation of heat in a semiconductor device can 
be suppressed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. Thls document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the sectional view showing the outline of the MBE equipment for growing up the crystal structure included in the 
semiconductor device by the gestalt of operation of the 1 st of this invention. 

[ Drawin g 2] It is the sectional view showing the structure of the semiconductor device by the gestalt of operation of the 1 st of this 
invention. 

[Drawing 3] It is drawing showing the current-voltage characteristic of the semiconductor device by the gestalt of operation of the 1st 
of this invention. 

[Drawing 4] It is the timing chart which shows the sequence approach of the shutter for growing up the crystal structure included in 
the semiconductor device by the 1st modification of the gestalt of operation of the 1st of this invention. 

[Drawin g 5] It is a semiconductor device by the gestalt of operation of the 2nd of this invention, and is the sectional view showing the 
structure which applied the semiconductor device by the gestalt of implementation of the above 1st to LED. 
[Drawin g 6] It is the sectional view of the crystal structure by the 1 st modification of the semiconductor device by the gestalt of 
operation of the 2nd of this invention. Drawing 6 (a) is the sectional view showing the whole structure. Drawing 6 (b) is the sectional 
view showing the structure of a superiattice layer. 

[Drawing 7] It is the sectional view showing the structure which applied the semiconductor device by the 2nd modification of the gestalt 
of operation of the 2nd of this invention to LED. 

[Drawing 8] It is the sectional view showing the structure which applied the semiconductor device by the 3rd modification of the gestalt 

of operation of the 2nd of this invention to LED. 

[Description of Notations] 

A RS-MBE equipment 

C Control unit 

P Vacuum pump 

S Substrate 

I Chamber 

3 Substrate Electrode Holder 

3a Heater 

5 Thermocouple 

7 Manipulator 

I I Port for Zn 

1 5 Zn Raw Material 
17 Knudsen Cell 
21 O Radical Port 
31 N Radical Port 

100 ZnO Substrate 

101 ZnO Buffer Layer (Low-temperature Growth ZnO Buffer Layer) 

103 ZnO Single Crystal Layer (Elevated-Temperature Growth ZnO Single Crystal Layer) 
105 N Mold ZnO System Single Crystal Layer 

107 P Mold ZnO System Single Crystal Layer 

108 Electrode 

108a The 1st metal layer 
108b The 2nd metal layer 
301 Sapphire Substrate 

305 ZnO Buffer Layer (Low-temperature Growth ZnO Buffer Layer) 

307 Undoping ZnO Single Crystal Layer (Elevated-Temperature Growth ZnO Single Crystal Layer) 

31 1 N Mold ZnO Single Crystal Layer (Elevated-Temperature Growth ZnO Single Crystal Layer) 

315 P Mold ZnO System Single Crystal Layer (Elevated-Temperature Growth ZnO Single Crystal Layer) 

318 Insulator Layer 

321 1st Electrode 

325 2nd Electrode 
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[Drawing 1] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 8] 



http://www4.ipdljpo.gojp/cgi-bin/tran_web.cgL 



2004/05/19 • 




[Translation done.] 



http://www4.ipdl jpo.gojp/cgi-bin/tran,web_cgi_ejje 



